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CKIPTEE ONE 


r^.rTS rOTi LIGHTiyO EXGI]S'EErS 

Y'X lubtiiir liifie Li *iiiy otlier bianch of iaduslrial equipment, 
p i «eLi e..ptits Live £<chie\ed reinaikabia success It is the pnrpo-e 
k. of tLi* Lo^»^ lO nnlicrte the m which well-planned, well-eveciitKl 
luiinii \\4cni- c..i.i cusuie maximum speed, efficiency and health m every 
t\pe of factoty. 

The following chapters deal with every aspect of the subject from the 
viewpoint of the lighting technician, the factory executive and the factory 
operator Titere is one other viewpoint, too, and this may well serve as 
;»iehijihiaiy mtioduction Modern lighting engineers have something 
o^sertiaily worth bcUing : too few have really tackled this problem of sales- 
manship ' Yet in almost every case the extent to v.hich they are asked to 
bang liliuiiinatlon in a factory up to statutoiy efGLciency and beyond 
dt^^Ciidb upon the way they put acioss their new methods and new 
ideals 

The basi«? foi their salesmanship mubt be an understanding of 

the fcctoiy executive’s requirements and the reasons that have prompted 
Van. to visli to better his present installation. Generally, his reasons are : 
to reduce both initial and operating costs of lighting by the use of more 
eidciciit equipmenc exactly suiting the factory’s needs ; to check up on his 
om rather hazy theories, and to be given the benefit of modern experiment 
which vill give him reliable information and statistics concerning his owt« 
einploytes’ needs ; to possess a comprehensive maintenance system so that 
tl*e initial advantages will be assured for a number of years ahead. 

Ill other words, he is generally an ideal customer for a lighting engineer 
ho is sure of the wovth of his goods. Widespread reports on such ‘miracles’ 
ab fluorescent lighting have prepared him for changes In so far as expense 
allovs, he is concerned in bringing his plant up to date, and he looks upon 
his factory as setting the lighting expert a peculiar, individual problem. 
And in this he is generally right. 

How can he best be met by the illuminating engineer— the man upon 
whom eventually every development! of industry depends for its popularity ^ 

First, by thopugh atialysis of the factory’s individual problem. There 
must be geneialization, no fluffy sales talk. There is always available the 
^ect-reading lightmeter ; take it to any poorly-Ht area in a factory and 
its proof is wholly convincing. No live factory executive will accept such 
im indisputable indication of efficiency-leakage : immediately he will want 
a thorough, complete analysis of his present lighting system, covering all 
its advantages, all its failings. And, after that, an individual plan to answer 
his individual needs. 

Fluorescent tubes or incandescent equipment, for instance, fmay appear 
equally efficient to light a machine. But always there m the construction 
of the building to be taken into consideration, the class of employees, hvm 
the personality of those authorking the change. The industrialist has the 
right to demand this individual experiment and advice. 

He has, too, the right to select a solution that appears to him wholly 
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logical. Bemembering that he will expect not only greater efficiency but a 
rodiiction in operating costs, there is a sales appeal not to be overlooked in 
the application of concentrated lighting. A system of 200-watt lamps on 
ten-feet centres may ensure that a factory has an impressive general bright- 
ness , yet waste the gi'eater part on non-productive areas while the produc- 
tive areas suifer from completely inadequate illumination. It's illogical. 
It's bad business. It is, unfortunately, still too typical of the lighting 
suggestions made hj the less enterprising. 

The tiiird of the factory executive’s stipulations stated above was 
durability — ^initial performance assured for several years. He is willing 
enough to pay for a Job in which provision is made for easy, economical 
maintenance rather than for something which begins by looking good but 
qiiickl 3 ’’ loses its efficiency. 

Summed up, this new approach means : 

(a) Stimulating the prospective customer's interest in productive 
lighting by suppljdng him with complete information. 

{h) jProviding the right foundation for immediate sales with careful, 
comprehensive plans. ^ 

(c) Ensuring continued satisfaction by giving full attention to the 
question of maintenance — ^and so, especially in large, ever-changing 
factories, ensuring continued sales. 

Coiisidei a few examples of how this works out. That well-planned 
approach is illustrated in a certain aero-engine works that had so little 
natural light in two of the shops that they were known as The dungeons.’ A 
survey of the lighting conditions with a lightmeter showed that the average 
illumination was 6*8 foot-candles — rather more than regulation require- 
ments. But at a certain point in the operation of one group of machines 
there existed a shadow about two inches wide which ran the entire length 
of the working area, so that the intensity at this point while work was being 
done feE to less than one-half foot- candle. It was quite evident that this 
shadow must foe eliminated if any improvement w^as to be effiected. 

After careful analysis an indirect lighting system was recommended. 
A trial instaEation was made over one pair of machines so arranged that it 
was possible to secm^e any lighting intensity from 8 foot-candles to 42 foot- 
candles. A check on production showed that 15 foot-candles was the most 
profitable Elumination level Under these conditicms the production was 
increased 12 per cent. This was the intensity of the system permanently 
installed. 

One startling fact brought out in this test was that at 8 foot-candles, 
onl 3 ^ 1 *2 foot-candles above the original intensity, the increase in production 
was 7*7 per cent., due to the superior quality of the Eghtiiig which reHeved 
the strain on the eyes and made seeing easier. These results wete acbom- 
plisbed oh an automatic machine which was lunning oh a constant speed 
for 70 per cent, of the time. Thus only 30 per cent, of the total time was 
avaUable for fight to speed up work. Accurate information was obtained 
by a foreman equij^ped with alightmeter and a stop Watch, Each operation 
brokmf down into its component parte, and the new lighting chrefully 
pkmed .the best se^tog;, conditions ^ 

Instance merely' because of the technical/ 
the ptbfilem, but more becatise the firm eoncerned acted 

.disposal-^, and ihey stpput into praotic^; 
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tions ortho piolroaioii. 1 sp’lo of Llie fact tliat Ihe 

^*--'1 iiiaiTij t^iLC^ v tlicv uorc iii oiio liaLti ‘"^i pa3^iig, anci 
i e Iizcroa*,. in li^Iitliia cos^ as GfL.tr‘ order of per cont. 

Htu.^tly a kige i2Vl ctgagcJ Li the rjrmng of c^tton equipping 
* . 0 ea^dng ^licd vlia 250 looins> Their Cxiief oHj^meei called in a profts- 
^i/aji illuininatL.c: ee^^hcur ontl c-»^kcd foi tlio best loom lighting that the 
kno^'^ACuCjO of t'' 0 ext CO e*vA pi ocluce Tne exi'^iiiiig Lghuxiij; in the othei 
in the ajLI cond-ted cf moral lighting milts, placed is^ith 
I'ltie r^ard to tie picJaction or^d^ vc^. ^\itA a lig]it;metei shov^-ed 
t * d ill ma\ one loom had tv ice ohc lihanLiation of the one nrxt to it 


RATING SCHEDULE USEE IN THE SELECTION CE 
INDUSTRIAL LIGHTING FOE SPECIFIC JOBS 


t 

j (^ooa J/tu'iiG i Fuor 

I Glare and shadow eTeoL . 

Uniformity of light distribution . 

3. Ease and cost of maintenance 

j L Mechanical eonstiuetion (lagged or 
otherwise). Presence or absence of 
moving parts 

i 5. Colour value ..... 

* 0. Co=^t and ease of installation (i etc* 

* weight of wiring, etc.) 

I 7. E^*cJency (foot-candle iiitensitj’') 

' 8. Appearance (favourable or non-favour- 

j able) 

' 0 Manufacturer 

iO. Initial cos>t . . 


Fig. 1 

The first decision was to correct the error in spacing and mounting 
height. The next step was to select the ty^pe of unit to be used. Six 
groups of four looms each were equipped vith a different t 3 rpe of lighimg 
unit. Comparative tests were made and a rating given to each unit 
according to a standard scale. The scale used is shovsui in Fig. 1. As a 
result of this study a standard 500-watt R.L.M. refiector with a disconnect- 
ing hanger w^as chosen as the most suitable unit. 

This step complete, a tentative lighting layout for four looms was made, 
and a test installation built in such a way that the positidh and hoight^of 
each unit could be varied. Two experienced weavers were then called upon 
to assist and, to ensure absence of objection shadows (both of machine 
parts and operator), and uniform distribution of light in the working area, 
f he exact position of the lighting units was determined by experiment* 
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bas a tolerance of cne ten-tlionsandth part of an inch. Thus aecnrate 
lighting prcs ed its value nheu acciirate manufacturing was essential. 

These examples are typical : they indicate that properly designed and 
installed indastrial lighting can be entirely successful for both illuminating 
engineer and industrialist. The method followed is substantially the same 
in all cases and consists in ; 


1. Making satisfactory contact with the executive who has the authority 
to approve appropriations. The advantages the firm can obtain for a 
reasonahle expenditure are emphasized. 

2. Arranging if possible for some recommendation to be made at once 
concerning one operation which will prove a striking example of possible 
improvement and the value of planned lighting. This is tiie surest way 
to secure an order for surveying and designing lighting systems for the 
whole plant. 

3. Ti istiin g with honest accuracy advantages as well as defects in the 
present lighting sj'stem, individual attention to each process being the 
secret of success. To get near ideal illumination on each productive area 
the lighting expert must secure each employee’s co-operation. When he 
’Realizes that the aim is to help him, preserve his sight, improve Ms work, 

he is ready to help. Only by watching every process can the man’s needs 
be appreciated and the best way devised to meet them. 

Only secondary to tMs all-important localized lighting comes the con- 
sideration of a good plan for any necessary general illumination. 

4. Remembering that all layouts must plan for several -years’ continuous 
satisfaction and therefore stipulating for : 

(a) No wire smaller than No. 12. Wire capacity to allow for a 50 per 

cent, load increase without an excessive voltage drop. 

0 (6) Fuseless panel cut-outs. 

(c) Lamps and reflectors mounted Mgh enough to be difficult to 

/ reach. 

(d) Stem suspension. 

(e) Sturdy equipment made by a reputable manufacturer. 


More than that, when the immediate alteration covers only a part of the 
plant, it is a wise policy to provide a co-ordinated specification for the whole, 
so that all present improvements will fit in with the later developments as 
steps in a logical plan. ^ 

^ /Sways the einphasis is on continued benefit to the customer. Indegji 
it is far more satisfactory to the salesman as well as to the customer to 
improvements introduced slowly but thoroughly with every det" right 



IS continuous satisfaction. Provide a customer with lighSi^hat will give 
of its tet over a period of years, tow maintenance costs, a continuous 
unprovement based on an adequate initial outlay, and a reasonable 
maintenance schedule, and he is likely to be well satisfied. 
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CHAFTSE TWO 

THE PURPOSE OP LIGHTING 



CARLY dll ?;ourees of light emit radiant energy at wave-lengths 
both longt^r (infra-red) and shorter (ultra-violet) than those visible 
to our eyes. These all affect human health and must be controlled. 
The main coneern of this book, however, is in those rays which possess the 
strange faculty of evoking in our eyes the sensation of light, enabling ug 
to see. 

Light, being a subjective sensation, cannot be objectively measured. 
All the lumens,’ Toot-candles,’ etc., really measure certain amounts of 
radiant energy at certain wave-lengths, and these are expected to evol^ 
equivalent sensations in the eyes of the average man. Because seeing k‘a, 
mental act based on a physiological process, there can be no hard-and-fast 
rules for lilumuiation, and no cure-aUs. 

The himian eye was developed by natural light for millions of 
before it became human, and for scores of millions before it became an eyp; ; 
ft is therefore wise to follow natural conditions as closely as possible. Tl/e 1 
almost unlimited possibilities of artificial illumination should not lead to i " ; 
deviation from this rule without good reason, and certainly not in loo^a v:? 
which are in permanent use. ‘ 

We did not develop the ability to see Just for fun, but in order to givih; 4 ' 
and to avoid being grabbed. The good, the true, and the beautiful light 
the light that enables us to perceive real bodies. We want to perceive 
exact* size, shape and distance, and percei've them safely, easily and quickly/-, ; 

Primarily we do not see bodies, but just surfaces, varying in shaped, 
brightness and colour, and laid out on the inside of a perisphere, of which f 
our eye is the centre. Because every surface in this visual perisphw^ ' 
emanates light, control of light means control of the entire luminous enyiiW ■ 
i^ient, though only a part of it is visible at one time. This part, called the 
visual field, centres around the axis of vision, extending about 100 degre^ , 
m either side, and 90 to 70 degrees upwards and downwards. , . 

In the process of p^ception shadows are the main guides. Two extrex|i^ 
must be avoided : a perfectly uniform brightness ^nd colour) of the 
^ual field would make all objects invisible. With the limited 
,^^|meriy available this was not likely to occur, but with' modem me; 
l^umination it has become a danger ^“be"~guaiSed against 
' of n excessive contrasts make cMsorimmation of details in the si 

-- ^ j 

“ ‘ ' ■ 0 iitixei^ Oependent on 


'''‘impoSsf 


Oaly afc 


OTOcegs«?» ti^iisiatii^ . two phyaiolo^Cal acts of fociisajf; 

V tti^'dtoeoSionai to ^^stances under t\^, 

- teodytKJgeaee. CliaiigfB „„ onOrates even at distances of 8^ 

fqcft^g s^paratas co-operate autoawt^ 


tSSfeJ? IS. ^ ^ -wonde# 
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only for a few seconds, This relaxation is usually achieved by looking 
out 01 the vindow. 

Generally this physiological function of the distant viev^ is overlooked 
and the desire to look out' is attributed to a mental urge only. Hence 
ugly views are deemed worse than useless and are excluded. They do 
afiord some relaxation, however, though this may sometimes foe partially 
offset by depressing effects on the mind. 

Certainly the mental influence of a cheerful view is also important ; but 
if it were to be considered alone, an actual distant vieir might be replaced 
by a miiTor or a picture. Instead of affording relaxation from near-vision 
adaptation, how^ever, this makes matters %vorse by causing the e3^es to focus 
for distant vision. It results in a blurred image, causing serious e^'estrairi. 

The popular preference for the traditional window’- is not to be hastily 
discarded, even in factories, as a sentimental hangover from the pre-elec- 
tricity age. The possibility for distance adaptation is a constituent element 
of good-seeing. 

Without a view/ from a whidow, a degi*ee of distance adaptation is pos- 
sible in factory workshops having large floor areas, provided that the view 
of the end of the shop is not obstructed by glare. Therefore^e giia lization of 
"Surface brightne^ is far more important wdth artificiaflightiiig than it is 
•with day'light received through windows. At distances of less than twenty 
feet no satisfactory visual relaxation is possible ; it is hardly an accident 
that rooms are generally considered small if their greatest dimension does 
not attain this minimum. 

In daytime, light may be received from the sim and from the sky in 
greatly varying proportions. On a clear day, -with the sun at zenith, about 
six times as much light is received from the sun than from the entire hemi- 
sphere of the sky ; with the sun standing ten degrees above the horizon, 
the amounts from both sources are about equal. A hazy sky is several 
times brighter than a clear one, and of the same white colour as the sun, 
while the light from a clear sky is poor in yellow and red rays, and calls for 
correction by addition of reflected sunlight. 

The most striking difference betw^een the various sources of light is their 
colour. Colour is the sensation by which our eye registers differences in 
wwe-lengths of radiant energy ; sensitivity to these differences varies 
widely in various individuals. Furthermore, in one individual, identical 
sensations may be evoked by an infinite number of combinations of various 
wave-lengths. * 

At low brightness our eyes are more sensitive to shoii: — ^blue and violet- 
rays than to long ones. Therefore so-called ‘daylight* lamps are wliite only 
at high brightness, but bluish when they are dim, and should be used 
with discrimination. With artificial light it is generally safer to err towards 
the longer than towards the shorter end of the daylight spectrum. 

Incandescent lamps have a continuous spectrum similar to that of the 
sun, but with a greater percentagapf long rays. With increases in tem- 
perature the peak moves towards tW" shorter rays. The hotter the filament, 
the cooler — ^aud brighter— the light ; therefore high wattages are much 
ihore economical than low ones. In order to match daylight, however, even 
with the highest wattage, more than three-quarters of the total Kght of the 
b’iilb has to be JEdtered out. This means not only increased e^enses for 
' 'CjtirenVbuta^ . 

, ' ’ carbon'Sfd, lamp .prodhdes' a 'fairly: white, light-'!'', "Cored 
, a spectra ’ , 
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^10 otlier artiiieial soiirce^s. As tlie Slicker and noise that once eJinimat.xl il 
Aoei the field of practicability have been overcome, the earbon-arc nviv 
‘"jossibly come br;.t:k. 

The neon, sodinm, meremy-vapoiir and other enclosed arc-lamps hart '! 
ilmontiiiiioim spectra, consistir:g of a number of ‘lines.’ These are strong] j - * 
modified by ehanges in voltage and pressure, becoming more continuous 
pressure increases. 

Discoiitinuoiis spectra may cause unpleasant surprises. A light resem- 
l ling daylight when relleeted from white surfaces, may strongly atlect some 
othc^ colours. This is the case with the low-pressure mercury arc, which is 
orerdosed with blue and j'ellow, but poor in green, and deficient in red : ' 
c. gainst this is the fact that, the lamps are cool. 

Fluorescent tubes, based on the mercury arc, share these characteristics, 
hut modify them by filtering through the fluorescent coating. Addition of 
vrarm incandescent'light to the speWum of mercury-vapour -or fluorescent 
lamps is usually tlie best w^ay to match the colour of daylight. 

Light of a single wave-length — ^monochromatic light — has the advantage 
of diminatiiig the phenomenon known a^s chromatic aberration, which 
slightly blurs our vision in any light having a continuous spectrum, such as ' 
drydigiit. Actually objects can be seen more clearly in sodium light, w’hicn * 
is monochromatic yellow;. 

Both translucent coloured bodies and reflecting coloured surfaces act 
• as selective filters, absorbing all light wuves of other colours than their own. " 
They produce coloured light by deduction, with a corresponding loss of 
brightness. The loss araounts to about 50 per cent, for most pale colours, 
.‘ind for pure yellov;, and to about 90 per cent, and more for saturated 
colours. 

Mixing the light of himinescent gases of different colours produces 
colour by addition, the resulting brightness equalling the sum total of the' ^ 
brightest of the sources, This opens up new perspectives : perhaps it will ' 
soon be possible to mix light to suit personal tastes. 

Care must be taken to avoid twflight, w^hich is light from two sources 
of different colour, wiiieh have not mixed. It occurs frequently when the . 
blue light of the evening sky meets the yellow light of an incandescent bulb. ; 

Where aitificial iighij is used alone, much is to be said for the natural 
eontimious speetruju of the filament lamp, which is identical with the spec- 
trum of the sun seen through a thick layer of air. 

The hiiinan eye has an almost unlimited ability to adapt itself to brighs- 
^ylc^s$es varying from one to ten million units, but efficiency and ease of 
seeing increase greatly with Increasing brightness. The improvement is 
very great up to 15 or 20 foot-candles, substantially up to 50 foct-candies ; 
above this , limit it decreases, but remains distinctly noticeable. ■ ' 

These facts furnish the basis for standards accepted by lighting engineers^ 
as desirable for artificial lighting in factories : general illumination, 15 to* 20'' .; 
foot-candies for ordinary Jobs, about .50 foot-candles Where work is done'’," 
on close tasks such, as small assembly work, plus local lighting where higher ''-i 
fartghtuesvs U needed. These brightnesses can ‘easily be achieved at reasoh^ , 
abl^eost with both, incandescent and fluorescent light installations. . ; 

' ; ' They,. tei, rarely achieved with 'da^ylight.' The sun being an exceedingly y/ 
' 'rmteJiabJe ‘ any ealcidatlons of, daylight must be based on the light 
, ■■ of the sky. 'Fcir’tbis ’piirposb the* daylight unit, km been evolved, meanntg' ^ 
the ,of light 'reeehed, on a liOTZontal surface from 1 per cent, of the'? 

of thesky, .T,':' ^ ^ ‘"'.x','- 



llii:: I'l'iiro.'-U Ul' l.tU£lTi:NG 

AiJvurdiiig to tile elidiiging bj'iglitnes;:^ of tJie sky, llie light of a daylight 
anit i^aiies from zero to about 20 foot-eondlcs ; 6 foot-candles is a safe 
arerage. 

If natural liglitiag is to stand np in competition with artificial ilinmina- 
tioii, the imobstracted window surface must extend to about one-tliird of 
the ilocr surface ; iliis yv'ouM result in 15-25 foot-candies at the darkest 
point of the room. 

It is often said that such large w'inciows ivould be glaring. But glare is 
seldom , if ever, the result of excessive absolute brightness, but of excessive 
brightness contrast. The biightness of the sky seen through the window 
viil be the same in all eases and the brightness at the window will also be 
the same, resuitlng in a brightness contrast not exceeding 1 : 10 in a room 
with a one-third window. This is generally considered as admissible in 
good lighting practice. 

In a room with a one-seventh wmdo^v, ho’wever, the contrast may be 
1 : 30 and more, and the sky vili be felt a-s glaring. This starts the vicious 
circle : curtains at the vindow against the glare, hence greater darkness, 
hence glare anew, hence more curtains, and so on, until rooms are more fit 
for moles than men. 

Wrong distribution of brightness, not general lack of light, is also the 
trouble in the traditional stair well, with the glare of the window thrown 
right into the eyes of the people walking dovii. 

Wherever possible, the best way to avoid glare is equalization of bright- 
ness on all sui'faces of the \dsiial perisphere. As light attracts the eye, the 
highest brightness should be in the focal point, and gradually fade outwards. 
Because the eye is more sensitive to light from below^, it should decrease 
strongly towards the bottom, slightly towards top and sides. 

In the ideal case the object itself is the source of light. This occurs 
in advertising signs, or when looking at a bright object merely for enjoy- 
ment, i.e., at a sunset or a decorative lighting. Where silhouette perception 
is sufficient, this ideal condition may also be realized in the industrial world, 
as in engraviug on a translucent surface. 

Normally, however, the object is darker than the source from which it 
receives its light, and therefore this source should be shielded from the eye. 
This is easily done in the case of local lighting, though it is stiU often for- 
gotten. It is not possible in general lighting, where every point of the 
visual perisphere may become the object of vision. Therefore, directed 
local lighting is generally preferable. 

Fluorescent walls, ceiling and floor are the only available source which 
by itself would achieve equal lightness of an entire room, but at present 
hardly a practicable solution. Daylight in an all-glass building approaches 
this condition with an overcast sky, but requires means to control direct 
sunlight. In large rooms evenly distributed fluorescent tubes prove satis- 
factory. Normally, however, the light of the source must be diffused by 
transmission or reflection, 

, Any matt white surface, whatover the material, wifl have a reflection 
factor of about 80 per cent. In a room with tdndows in one wall, white 
walls j^nd ceiling will contribute almost half the iiluminafcxon. With dark 
Surfaces even an approximate equalization of brightness can be achieved 
oiily by multiplying the sources ; such rooms need windows fti two or morg 
and for a distribution of lighting fetures throughout the room. Any 
change in, the colour of ‘ the source may affect not only the, colour , but also 
thehrightness'Of, coloured inflecting s,unaces.,.:' White snifaces';heip;to' equal? ■ 
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he iilumlBation ivJ only in s|)aee, but also in time, eoiitributiiig evenly to 
rla* 3 '!it!ht and to rJglit 11^, lit. 

"Unime ehaiitr, reflected light ends at home, but begins out of doors. 
Every object is a'souree of light, and is often brighter than the sky. Sunlit 
snow may be forty times as bright as a deep blue sky, and even in the shade " 
<; v/hitc v/ali is brighter than a clear sky. Light from sources opposite a 
mndow is thromi into the depth of the room, and light from below wiU 
be reflected and diSiised by the ceiling. Therefore walls facing a window, 
and -pavements of courts, terraces, and balconies are more valuable sources 
of light than tiie upper part of the sky, wMeh lights mainly the part of the 
room next to the window. These surfaces shoxiid be kept bright, but not 
to an extent that may produce glare. Walls facing north may be white, 
but walls and es]>ecially patbw'ays exposed to the sun should be of a yellow 
Of bult colour : this vdli also help to correct the cold colour from the sky. 


CHAPTEB THBB® 


GLARE 
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“\EERE are many factors, some of them complicated, involved in 
good illumination. Because of this, lighting installations should be ’ 
designed by a competent iliuminating engineer. However, those 
who live wdth the Mghting provided by experts and those who must justify 
its cost should be familiar with some of the factors to be considered. These ; 
can be summed up under the heading of quality ^ which includes glare, the ^ 
colour of light, its direction and distribution, diffusion, etc,, and qmniityh 
or the amount of iiiumination. ^ 

It is not a particularly difficult problem to supply a factory with the*^ 
amount of light specified in the table of Foot-Candle Intensities given in 
the Appendices, Reflectors are available which provide these values eoonomh 
cally. There ate many installations, however, where poor conditions for 
vision exist in spite of adequate foot-candle level This is usually because, 
precautions W’ere not taken to provide illumination without glare. 

Glare may be defined as brightness, within the field of vision, of such a ^ 
character as" to cause discomfort, annoyance, interference with vision, or 
eye fatigue. > ' ' 

When the eye is exposed to glare, the pupil contracts as a protective 
measure, and less light reaches the retina than v/hen the same illumination' 

Is supplied without excessive brightness 'in the visual field. Glare alsofj 
reduces the sensitivity of the retina. ■ ' ' 

Always a hindrance to vision, glare often, like smoke from a chimney, 
represents a positive w^ast'e of energy m well. It is one of the most commori j:v 
and serious faults of lighting installations. - 

, '/Eegulatiom now require the ‘proper shading of lamps 'in factories* 
guard against, glare, " ' ' , , ^ 

Glare is objectionable because : &st, when continued, it tends to'ihjurff:’' 
' Jihe and to disturb the nervous system'; secondly, it causes disoomfd4‘4' ; 
-^and'&tigiie, thus reducing' the 'efecieney of the. worker,; 'and- thirdly, it'm 
interferes with clear, vision and f hits 'reduces effidency and,' - in,, many’ oases^^ 
' increases the nsfc'of aeddant' or. injury to the worker. > From both a'humanir; ■ 
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tarian and a business standpoint, the factory executive should banish glare, 
'wb.etlier from natural or artificial sources. 

There is need for a simple instrument for measuring glare. If this were 
available it would be, like the light meter, an invaluable help in educating 
users of light in the right direction by shov/ing them unquestionable quanti- 
tative comparisons. There are so many factors entering the situation 
that an instrument capable of evaluating them all has not been found 
practicable. The result is that such glare data as can be given to a par- 
ticular light-source must be based upon the impression which it creates 
upon the eye itself. The eye has the capacity of estimating which of two 
light sources is he more glaring, taking into consideration both brightness 
and candle-power when the two sources are side by side and seen against 
the same background. This quality of the eye has been used as the basis 
for a relatively simple system of glare rating. 

If a series of comparative standards are supplied using respectively 10, 
15 and 25-watt lamps and also larger sizes, each placed in a 6-inch opal 
ball globe, then a light-source can be judged as to comparative glare by 
placing these standard globes beside it one by one and finding which appears 
be equally glaring. For example, it may be found that a i6-inoh semi- 
indirect lighting unit containing a 300-watt lamp appears to the eye just 
about equal from the glare standpoint to a 50-watt lamp in the 6 -inch opal 
ball globe. The 300-watt unit would then be classified arbitrarily as 
Grade E in the following table of classification. 


1 


Grade 







A 

10-watt tungsten filament lamp in a G-inch opal ball globe. 

B 

15 » » 



99 

99 

99 

C 

25 „ - „ 

>> 


>9 

99 

99 

B 

40 „ 

5 > 

3J 

9 9 

99 

99 

E 

60 „ 

J> 


99 

99 

99 


60 „ 

J> 

>> 

99 

99 

99 

G 

100 „ 

JJ 

3> 

99 

99 

99 

H 

150 „ « „ 


9 > 

99 

99 

99 

I 

300* watt opal lamp 






J 

500 „ „ 






K 

1000 „ „ „ 







It will be noted that Grade K is representative of light sources which are 
extremqiy bright and glaring, whereas G^rade A can be placed almost anywhere 
in the field of view without cjausing diseomfort. 

Where lamps are placed at considerable heights above the eye level, 
relatively bright light sources can be tolerated, and this is particularly true 
in positions such as out-of-doorS at night where little close ^crimination of 
required of the eye. ' 

V Oh the other hand, where light sources are hung low and are constantly 
in the field of ;^ion Of a worker seated at a table or work-bench, then the 
‘ light .souroe sbq^4 be^o A pri^Brthsbt;'%;Vory fr^oejfrom 
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glan". Agabi, the cfieet of glare Is cumuIatlYe, therefore iii a long room 
wlicre a conoid ere.bla iramber of light sources are in one's field of vision it 
is necessary to huve better cliiTuscd sources than in a room of limited area 
v^’liere only one or two units are visible to a worker. 

Here* are some , grades of light source wHeh should not be esceeded for 
good Ci3ndit'ioi:s of vision. "^Vliere interior backgrounds are very dark in 
tone, a liglit source one grade softer than indicated is recommended. 


of Light 

rarco ?iih\ivo 
}i... r ri fe* t. 

Fa-j; 3jy 

Yar^k. 

, 

Or<liLary 
; manufaet’iririg 
,» arohca.'.et). operations. 

Mfg. Ofiice.‘s j 
and operations S 
\tliere workers i 
aro seated facing 
in f>ne direction 
for long periods. 

G '5 or less 

— 

D 

C 

A 

6 -5 to 7 *3 


D j 

c 

A 

i 7 *3 to 9 

1 F 

) 

E 

I) 

1 c 

j 0 to 11 

' a 

G 

E 

B 

h ! to i:i 

5 

H : 

G 1 

G 

E 1 

1 f 

1 13 to 10 

: H 

H 1 

H 

\ 

1 E j 

j IG to 20 

I 

I ' I 

G i 

1 20 and over , 

; J 

J i 

J 

H i 

! 


Several of the morej common Industrial light sources have been rated 
for glare and the results classified and tabulated below. The standpoint of 
glare has been derived from the classifications giveivon page 12, 


Natubal Light Sourcb-s (as seen through windows) j 

; 1 

Grade 

j Sun 

K 

1 Bright southern sky 

G 

Dull or nortiierii sky . . . . . . , . 

C 

: Sun shlBing on prism glass , . . ■ . 

J 

Mercurv Vapour lamps . • , , ■ . , ' , 

G 

Carbon incandescent lamps, 10 candle-power 

P 

S't JJ sf • » , • • 

i 

G 
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TnsGSTBX Filament Lames. 

40 

watts 

GO 

watts 

100 

watts 

150- 

200 

watts 

300 

watts 

500- 

1000 

watts 

' Bare lamps 

G 

H 

I 

J 

J 

K 

1 Pearl lamps or pearl globes*-^ . 

J) 

F 

G 

H 

I 

J-K 

j S-incii opal globes 

C 

E 

F 

— 

— 

— 

12 -inch opal globes 


— 

E . 

G 

H 

I 

16-iiich opal globes 

Flat reflectors — ^filament posi- 

— 

— 


F 

G 

H 

tion visible 

Dome reflectors — steel or 
: dense glass : Filament posi- 
! tion visible from working 

G 

H 

I 

1 

J 

J 

K 

j position . . . . 1 

G 

H 

I 

J 

J 

K 

[ Filament position not visible 
Dome reflectors — white bowl 

B 

B 

D 

B 

E 

G 

lamps .... 

Bowl reflectors — steel or 

dense glass : filament posi- 


I 


F 

G 

K 

i tion visible 

G 

H 

I 

J 

J 

1 Filament position not visible , i 

0 

C 

B 

E 

G 

H 

j Totally indheot lighting* . i 

— 

— 

B 

B-G 

0 

B 

! Semi-indirect bowl* . , 1 

1 ! 

— 

— 

B-D 

C-B 

C-E 

1 B-G 


^ Where a range of classification?? is given, the best grade, thafc is the lowest/applies 
VO bowhi that are of dense glass, and the poorest to bowls which ha^^'© a decidedly bright 
spot in the centre. 

There are six principal factors affecting glare and the main causes are 
ontMncd below. First ss Brightness of Source, The light source may be 
too bright, that is, it may have too high a candle-power per square inch 
of area. 

A glance at the sun proves that an extremely bright light source within 
the field of vision is capable of producing acute discomfort. Light sources 
of far lower brightness than the sun, as for example the filament of an 
incandescent electric lamp or the incandescent mantle of a gas lamp, may al^o 
cause discomfort, although the anno 3 ?ing effect is not quite so marked. 

Supplementary lighting sources shoifid be carefully designed so that the 
light is confined to the immediate working area. If this precaution is not 
observed, supplementary lighting devices are likely to be extremely annoy- 
ing, not only to the workman who is using such a source, but mo^e particu- 
larly to, others in the vicinity. • 

The second great cause of glare is Total Volume of light. The light 
source may be too powerful for comfort ; that is, it may have too great a 
total candle-power in the direction of the eye. 

Top fre«|uently glare is assumed to be entirely a cjue^tion of the bright- 
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glare. Again, the effect of glare is cumulative, therefore in a long room 
where a ^n^kierable number of light sources are in one’s field of vision it 
is necessary to have better diffused sources than in a room of limited area 
where only one or two units are visible to a worker. 

Here are some gi‘ades of light source which should not be exceeded for 
good conditions of vision. T\Tiere interior backgrounds are very dark in 
tone, a light source one grade softer than indicated is recommended. 


! Hr-ight of Light 
; Source above 
*; fiijor i?i feef. 

* 

Factory 
Roads and 
Yards. 

Storage 

Warehouses. 

Ordinary 

manufacturing 

operations. 

Mfg. Offices 
and operations 
where workers 
are seated facing 
in one direction 
for long periods. 

6'5orless 


D 

c 

A 

6*5 to 7 s5 


D 

c 

A 

7-0 to 9 . ! 

1 

r i 

} 

E 

D 

0 

9 to 11 

C4 i 

G 

I E 

D 

11 to 13 . ; 

: H 

G i 

1 G 

E 

13 to 16 . 1 

1 “ i 

H 

i H 

P 

i 16 to 20 . i 

1 

I i 

I 

1 

1 I 

G 

1 20 and over . 

> i 

J 

' 

J 

: J 

j 

H 


Several of the more common industrial light sources have been rated 
for glare and the results classified and tabulated below. The standpoint of 
glare has been derived from the classifications given^on page 12. 


Natifeal Light Soitecses {as s^n through windows) 

Grade 

^un « f * « • • • ^ •'« 

K 

bright sottthfim sky . ... . ... 

G 

Buliornortluemsky . . . . . . . . 

' 'C' 

Sun shiahigOE’iH^m'glass 

■j ’ 

^Meha^Vapour laaj^ . j. ' . ' ' 


’^bon tomnda^t IS candle-power . . . 
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j 

' Ttogstei^ Filament Lamps. 

1 

40 

watts 

60 

watts 

100 

watts 

150- 

200 

watts 

300 

watts 

fiOO- 

1000 

watts 

j Bare lamps 

G 

H 

I 

J 

J 

K 

i Pearl lamps or pearl globes*'^ . 

D 

F 

G 

H 

I 

tj-ii 

! S-inch opal globes 

C 

E 

F 

— 

— 

— 

12 -inch opal globes 

— 

— 

E . 

G 

H 

I 

16-inch opal globes 

Flat reflectors — ^filament posi- 


— 


F 

G 

H 

tion visible 

Dome reflectors — steel or 

dense glass : Filament posi- 
tion visible from working 

G 

H 

I 

J 

J 

K 

position .... 

G 

H 

I 

J 

J 

K 

Filament position not visible 
Dome reflectors — ^white bowl 

B 

B 

T> 

D 

E 

G 

lamps .... 
Bowl reflectors — steel or 

dense glass : filament posi- 




F 

G 

K 

tion visible 

G 

H 

I 

J 

J 

Filament position not visible . 

c 1 

. C 

D 

E 

G 

H 

Totally indirect lighting* 


— 

B 

B-C 

C 

D 

Semi-indirect bowl* 

— : 

— 

B-D 

O-D 

C-E 

J>-G 


*** Where a range of classifications is given, the best grade, that is the lowest, ’applies 
to bowls that are of dense glass, and the poorest to bowls which have a decidedly bright 
spot in the centre. 


There are six principal factoid affecting glare and the main causes are 
outlined below. First as Brightness of Source. The Kght source may be 
too bright, that is, it may have too high a candle-power per square inch 
of area. 

A glance at the sun proves that an estremely bright light source within 
the field of TOion is capable of producing acute discomfort. Light sources 
of far lower brightness than the sun, as for example the filament of an 
incandescent electric lamp or the incandescent mantle of a gas lamp, may alS?’ 
cause dfecomfort, although the annoying effect is not quite so marked. 

Supplementary lightnig sources shomd be carefully designed so that the 
’ light as confined to the immediate waving area. If this precaution is not 
; pbsei^d, supplemeni^ry Kghtm^^ likely to be extremely annoy- 

A in^, not only to the workman who is using such a source, but more particu^ 
A'tely to, others in- the 

ThA second great cause pf glare is Total Volume of I^ght; The light / 
soui^^ may he too powerful for comfort ; that is, it nday have too ^aat a 
;; tbtal'cahdle-iK^iwerfo'tto of theoye.' , /' / ; .A' . : 

; ,:Tob:,fmqheht|y glar^fs.h^m'in^^to qtfestipri'Of the^hri^^ 
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nc^Hs of the light source : of equal importance is the question of total candle- 
power. Experience lias sliown that a oOO-watt lamp in a lO-inch opal globe 
or a inercury-vapor^r lamp of an equivalent light output, hung seven or 
ei^-ht feet a be re the floor and a similar distance in front of the observer, 
win prove quite as glaring as the exposed filament of a 50*watt incandescent 
I'lmp in the same psosition. The brightness of the opal globe unit is only a 
fl'W tiines that of ;i capclle floine, but its total candle-power and consequently 
the C|iiniitity of light viiieli leaches the eye is altogether too gi'eat, so that 
its effect is w'orse than that of the bare filament of lower candle-power, 
iiithoiigh the latter inay have a brightness as high as 3,000 candles per 
.s(paare ineli. An unshaded window often causes glare, due, of course, to 
t.lie large vchnne of light rather than to the high brightness of the sky. 

The third cause of glare is Wroi^ Position in the Field of View. A 
given light source may be placed at too short a distance from the eye or it 
may foe too near the centre of the field of vision for comfort ; that is, within 
too small an angle from the ordinary line of sight. 

The 500-watt opal globe unit mentioned earlier in this chapter would 
seldom cause discomfort if placed, say, eighty feet away from the observer, 
for at this distance the total c|uantity of light entering the eye would only^ 
be one-hundredth of tha.t received at eight feet. Again, the same light 
source would probably be found quite unobjectionable at a distance of eight 
feet from the eye j^rovided this distance were obtained by placing the lamp 
four feet ahead of the observer and seven feet above the ordinary eye level. 
In this case the lamp would scarcely be within the ordinary field of view. 

The natural position of the eye during intervals of rest from any kind 
of u'ork is generally in the hoiisoiital direction, and it is desirable that during 
such periods the worker should be freed from the annoyance caused by glare. 
Glare is the more objectionable the more nearly the light source approaches 
the direct line of sight. While at work the eye is usually directed either 
horizontal or at an angle below the horizontal. 

Glaring objects at or below the horizontal should especially be pro- 
hibited. The best way to remove light sources out of the direct line of 
vision is to place them well up towarfs the ceiling. Local lamps, that is 
lamps placed dose to the work, if used must be particularly well screened. 

Contrast with Background is the fourth reason of glare. The contrast 
may be too great between the light source and its darker surroundings. 

it is a common experience that a lamp viewed against a dark wall is 
far more trying to the eyes than when its surroundings appear relatively 
light. In Older to provide a light background — ^usuaEy caiHng or walls — 
vliich will minimize contrasts, the surfaces should be painted a light colour 
and the method of illumination employed should be such as to d&ect some 
of the light upon the back.ground. In many cases the oeilmg appears 
almost black under artificial light simply because no light reaches it, , 

With daylight, on the other hand, the walls of a room are often so woE 
illuminated that they appear brighter thafix the work itself, and this also is 
a cohditton which k not Conducive to good visiop. Iii gene^*al, a %ht ! tone 
for ceilings and high side ivafiB and a pamt of mediim reflecting power for 
the low^r, side vralle will usually be totmd most s^isfaetory under both 
;^arti%ial>nd.ln^uraUi^^^ ‘ 

^ ' ^here attlbtly local systsems'’''df' lighting are. employed-^that is» where. 
/ individual km areiyuppfiedfbr fflbmc^ and machihes-T^and ho oyerhead 
‘ ./’lighting’ is 'added^; ihctesulting 'Conttasts-iri^ffluminatiTO 
/found sb,ha?rf^'as‘ to^l^bb|ectibn$ld®,ht#n^thol®^ 
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well sliielded. The eyes of the workman looking up from his brightlj 
lighted machine or bench are not adapted for vision at low iiluminations 
hence, if nearby objects and passages are only dimly lighted he will be com 
pelled either to grope about, losing time and risking accident, or to wait unti 
his eyes have become adapted to the low illumination. 

Glancing back at his work, he again loses time while his eyes adjusi 
themselves to the increased amount of light which reaches them. If lon^ 
continued, this eoiidition leads to fatigue as well as to interference with 
vision and to accidents. In other words, where local lamps are employed 
there should also be a system of overhead lighting which will provide enough 
illumination of all surrounding areas to avoid such undesirable contrasts. 

Time of Exposure is a common form of glare. The time of exposure 
may be too great — ^that is, the eye may be subjected to the strain caused bj 
a light source of given strength within the field of vision for too long s 
time* 

Where a worker is seated and his field of vision is fixed for several hours 
at a time, light sources of lower brightness and lower candle-power arc 
required than where the operator stands at his work and shifts his position 
^and direction of view from time to time. In the first case the image of the 
light source is focused on one point of the retina for considerable periods 
of time and is obviously more likely to cause discomfort and eye-strain 
than when focused for short periods only* Those who are forced to work 
all day at benches facing a window are likely to sufrer from this form oi 
glare. 

Glare by Eeflection is brought about usually by the refiection of light 
fi’om polished surfaces in the field of vision. The ^ffioulty experienced in 
protecting the eyes from this kind of glare is sometimes very great. The 
brightness of the image on the working surfaqe is, of course, proportional 
to the brightness of the light source above it, and hence, one way in which 
to minimize this effect is to diffuse the downward light ; that is, to use an 
opal bowl or an enamelled bowl lamp, or an enclosing fixture, or to employ 
semi-indirect or totally indirect lighting fixtures. 

In some cases the light source can be so placed that its reflection is 
directed away from, rather than towards, the eyes of the workers. The 
avoidance of highly polished surfaces in the fine of vision is another good 
way to minimize reflected glare. 

On the other hand, there are some instances where sharp shadows and 
specular reflection from the materials worked upon actually assist vision. 
For example, in sewing dark materials the thread is much more easily 
distinguished when iliumination is secured from a concentrated light source, 
such as a brilliant lainp filament wMch oasts sharp shadows and ^ves rise 
to a distinct glint from each thread. However, in these cases the light 
sotnree must be particularly well shielded from the eyes of the worker. 

Fpr most visual tasks it appears that with equal foot-candles of iHummar 
tion, variation in colour quality has little or no effect upon clearness and 
^ui<^ess of seeing. However, ip oertaih industries colour discrimination 
is highly hnportant and special light sources are necessary to provide 
that^u^ enable the matching to be carried oh most accurately^ ; 
/:;'^5;'J^ht-C0loifrW/SiMaces^seiwe'seV in tW factory, '' They are 

of l^icular valup^ m a: high utilization of light by refleotihg > 

:jp^'ofdt'tpwa^ .the -vsrorking.ai^^aia; ' , Al^V^ght window^ areas' and 
'^<5omforiable to,th,eoyewhon yiew^ aga&st 
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Dirty ■u-all surfaces in British factories would undoubtedly cover several 
thousand acres. These dingy surfaces are all thirsty for light, soaking it 
up instead of allowing it to lighten the workers’ job — both literally and 
figuratively. 

A spectacular demonstration of the light-reflecting value of paint is in 
the white pavement and road markings which appeared in towns during 
war-time black-outs. Even the little light available in such circumstances 
is caught and reflected by these lines of white paint. • 

Better seeing conditions, and consequently increased safety, result from 
the application of correct colours in finishing industrial interiors. Ceilings 
and walls are as much a part of the lighting system as are the lamps and 
reflectors. These surfaces should yield a maximum diffusion of light TOthout 
specular reflection or glare. 

Colour is not a substitute for ventilation, but certain tints do give a 
feeling of coohiess. In sections of the factory where temperatures are 
high, the cool colours— those without trace of red or yeUow— may be used 
with advantage. Blues, greens and greys are said to inhibit ‘warm’ 
reflection. 

White, of course, leads all colours in light reflection value. A good-, 
quality flat white paint will reflect approximately 89 per cent, of the light, * 
For that reason it is a favourite wherever good lighting is an important 
factor. However, there are times when the decorative scheme or the psy- 
chological element makes a tint advisable. Their reflection values are 
shown in the table printed on pages 76 and 77. 

Many progressive concerns are painting all their machinery in light- 
tinted aurable paints. This serves several purples such as greater pro- 
tection of machine surfaces, ease of cleaning (and of detecting on the 
machine) and the increasing of the amount of light which is reflected to the 
othenrise shadowed sections of the machine. ; . 

A useful coatiDg for almost any surface under a wide variety of condi- 
tions is aluminium paint. The aluminium pigment may be obtained in 
either powder or paste form to be mixed with a medium suitable for the 
conditions under which it is to be used. The medium is highly important, 
be<ause a general purpose paint will not give the best service under some of 
the conditions encountered in industry. • . 

The aluminium pigment consists of tiny Sat flakes which protect the 
surface by leafing, protecting the surface from the damaging action of both 
sunlight and moi^ure. Because of its high degree of reflectiveness this 
paint is often used on walls ahd ceilings as weU as on machinery. Its 
silv® white odour reflects light in such a manner as doaely to simulate 
daylight, making it a frequent choice for dye works and clotli^faotQries. 

One of the most important benefits obtained from maintaining a cheerful, 
pleasant workshop with l^t walls and ceilings and light-opioured maehi^iy , 
is the effect upon the spirit of the men who work there. Ibrarmhly such an - 
interior greatly improves the morale of the workmen as compared with the 
dull, dark rocaa. 
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CHAPTER FOUR 

' LIGHTING AND SAFETY 

I N the eighteenth century artificial light was inerely a weak competitor 
of darkness ; only a generation ago it became a competitor of daylight. 
To-day the position is reversed and natural light is a competitor of 
artificial illumination, asked to show reason why it should not be replaced 
by its younger brother. 

It is no longer possible for the architect of industrial buildings to design 
for daylight oiily and let artificial light look after itself. If it is true that 
there cannot be too nauch light, it is equally true that it must be the right 
kind and in the right place. 

In the absence of light man gropes fearfully, wondering at each move 
whether an accident will happen. The presence of light instinctively ; 

gives to him that sense of assurance so necessary for complete confidence in ; 

himself and his work. j 

Such is a very simplified statement of the relation between light and 
safety. However, light is needed for the amazingly complex function of 
seeing which is taken so much for granted. Consequently the quantity of 
light and quality of lighting (direction, diffusion, source, size and brightness) 
greatly affect our ability to see. 

Everyone has been amused and mystified by the optical illusions which 
magicians use. Of first importance is the fact that conventional factory ' 
lighting in many places provides the same visual illusions. When the eye 
is sufficiently fooled or fatigued by the effort of seeing, an accident is the j 
logical result. 

Both materially and psychologically, illumination affects the welbbeing 
of every industrial establishment. Considering that more than four out 
of five of all mental impressions are received through the eyes, this is quite 
understandable. The benefits of good natural and artificial industrial 
niumination plus bright and cheerful surroundings have been established in 
tests covering many years, and include the following : 

1. Reduction of accidents. 

2. Greater accuracy of workmanship, resulting in an improved quality 
of product with less spoilage. , • 

3. Increased production and decreased costs. ■ 

4.^^ Less eye-strain. ' v' 

6. Improved morale ainong workers, resulting in a decrease in labour 
turnover. i, 

6, Greater oleahHness. “ 1 ’ 

7* More easily mainta;ined orto and neatness in the factory. ! : 

; 8. rSppemsion of employees made easier. i 

Statistics rejgarding the ntimber, of acddents in factories ^eh year axe . f 
availabte in tables published with the Annual Reports of H.M1 Chief \ 
Impeotpr of Factor^ worihy ;of detailed study. . ; (/ 

mumbf!. of Britain arising nut of in the course j “ 

of gamul employment in ISI4I was 1^646. Ad during the sarnd pmoS ’ -V 
the ,lopoxtaMe^nplirfeM,,'Ac^^ not lepsh than 'three! 

, ;aBaen^;ffpnl;noOTi^dffi^^ 'reached; the ’'sta^erihg total'of ' 
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Tills ineludes aeeideEts at docks, warehouses, building ot)eratioxis, and 

so on. 

There is reason to know that defective vision and deficient or unsatis- 


factory lighting instaliatioiis are responsible or contributing factors in about 
20 per cent, of these accidents. A reasonable estimate will show that from 
these causes industry was deprived of the equivalent services of about 8,Q00 
workers thioiigliout 1941 due to the lost-time non-fatal accidents. This is 
indeed a high |niee to pay for the neglect of light and vision. 

That this condition could exist year after year is all the more sur- 
prisslng because of the fact that the remedy was so easily applied by the 
^linister of Labour and National Service by prescribing a standard of 
lighting for certain factories in Statutory Eules and Orders 1941, No. 94. 
These regulations have already shown beneficial results in many ways 
other than the safety involved. Accidents caused by carelessness, inatten- 
tion, or ignorance can be eliminated only by long-continued painstaking 
propaganda aimed to change long-established habits. 

On the other hand, elimination of accidents due to inadequate or 
improper lighting is simply a matter of bu 3 fing the proper equipment, 
installing and operating it under competent direction. It seems logical 
enough to include adequate illuminataon in the list of safeguards, because ' 
it points out the dangers and helps in avoiding them just as effeotiyely as a 
fence points out the danger of a revolving flywh^L . 

Safety engineering in industry counts of mutually adapting the work- 
man and his env^ so that he can work without injury to himself 

or io others. Notable advances have been made in recent y^ears in analysing 
accident cau^s and perfecting safety devices for the worker’s protection, 
^ueatlonaii work is implanting a sense of responsibflity in the indiyidual 
:^ortonan. These developments have been outstanding contributions 
towards greater safety, but seeing as a human activity and as an almost 
: universal factor in the safe operation of machinery has received eompara- 
;;’tiyely^little attention. 

Thq safety oificeris job consists essentially ,in preparing a safe environ- 
ineht for the workers. If this were perfeeilg done, none of the occurrences 
which are termed accidents could possibly happen. The environment 
shbulij be designed to compensate for the limitations of human capability. 

' On the other hand, the workman must understand his personal responsi- 
bilities regarding acts which might conceivably cause injury to himself and 
to others. The admirable work done by the IU)yal Society for the l^eveh- 
: tipni of Acridehts Is successfully implanting this sense of responsibility in 
' ,'tha.ihdiyidual workman. - ’ ; 


' 1 However, that this fe but one phase of the safety problem; is revealed 
[m einalyte of acrideuts and their caiuses/ Nearly hll iaccidents "hiWive , 
“r:a,-cppibiii^ion of pemqhal'and mechanical 'Oapses., /The>ham;oi'^^ ' 
,;^;';i^hc^'br’sericS;'bf causes which have brought aiwdpcjfe 
\ Va|u,;lnjury'.e4n frequently 'be broken, onlylif thq VorTOan'cstn ''quicByAnd ; 
i '^nefuratc|y^sefwhat,is’tmppenmgandact,to;prey^^ 

loverwhehn&ig majority /\df: mental /ifepre^bns are/teceiv^'. 
ey^,:,any;'feriior .wMehkel^^^ ^'...increase theprob-,' 

man ;wilI4^tect the i cade's; nf ah 

;rap^y/;moying‘"ma;i^ fefluro' , 

';for-,ahy 
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AN OFFTOR 

Well-<^pei-se<l, good gtaieivd liglitiug W!i« i-equired with special attention given to light, on the desks and tlu- a%'oid- 
nnceot shmlows and shine on papoi-s. A light coiling makes the room more eheerfnl. rdassteej diffuser re/leetors 

^00-Wft.ttr litiiipH woro ti«ot7 , 




A :\IACH1NK SHOP 

Good general illiimintitioii was required witli particular attention given to the light on maoJiines, lathes, drills, el<‘ 
Glare has been avoided and all moving parts are well ht. KX.jVI. reflectors witli loO-watt lamiDs were used 




LT2ATHER SOLES STORE AT A BOOT AXD SHOE FAOTOR^' 

Requirements vary with the layout of individual stores and the materiaJ eoneei’iied. A uotiti 
ways and" hito the hiiis is nc^ede<l. Vertieal ollijitJr-al whU 



PREISS )SHOF AT A lAT'LE FACTOR^^ 

Gtind ^enerfil hj:(htiii^j: was noe<Jf*(] wit-li .spe<*ml c*a.re to ensure luletjiiate lis^ht on ilu‘ nuu*hin(‘! 

liaiailetl. R.E31. reflectors \\ere iis(mI 



coMvoHma roo.m of a national newspaper 

Good gen€?ral lighting wa^s required, especially over the eases and benches, with tlie avoitlanct*. of glare and {langta* 
of shine by reflected glare. For the general lighting glassteel diffuser reflectors were trsed and the si ipplei non f a r\ 

lights over Ijionches woi^ fitted with vertical elliptical relied ors 




A POTTERY SPRAYING I>EPART:\rEM"I^ 

OfiOil Jigid in ihn ImntliH witli no shadows from tho operators was needed. P< 

iittiiij^s with 75-watt, lamps w^ere used 



A NKWHPAPJ^R PRES8 UOOM 

Good glareJesis illumination was iieeiled, partioiilarjy at the priiiiiiig ijoints and at l lio delivery- Gwin^ to the Jar 
machinery cai’e was needed to ensure tin* light reaching heneath the upper part. OIa.s«tfjel « hflVi'^ei* 



WOODWORKING DEPARTMENT OF A RATDWAV C’ARRIAGE SR OP 

GchkI general ilhiiniiiatirai witli nbseiiee <>f sliaclowK enubliiig materi<il to be handled easily aiul speeial attention t 
tJje lighting on nmehinos uiid all ?noviiig parts was ro(|nirpfh R.DAf. refieotors with visoi* glass fronts were used 




of 23 foot-candles were iised 



iiiciicriM}| ii.ipiu.M! .>!{ .nujS pui! Hai>i.TOur ht['| tfSjiiHiii (sip n) A’.niKHr).Mlr s-ii-tt P''«"j[pp poM 'poo; > 

AHCUSTIIVT V J.V DNEIM'HVIV: aMV OKIXHOS 



AN ENGINEER’S DRAWING OFFICE 

Well dispersed lighting of good intensity was required on both horizontal and vertical surfaces arranged to avoid shine 
on the paper and of course no glare or shadows at the pencil point. Benjamin design “r” Bencolites with 300-watt. 
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A CHEMECAL WORKS 

WeU diffused lighting* with particular attention to the machines was needed here. R.L.M, reflectors with visor 

glass fronts were nsec! 
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evidences of the existence of undue stresses or strains which may be detected 
by an alert man if sufficient illumination is provided. 

In this connection, the close co-relation between the accident rate and 
iliumination is not generally understood. In most eases where accidents 
are attributed to poor illumination they happen because there is improper 
quality or very little illumination at all. Poor or indifferent lighting as a 
contributing cause of accidents has been overlooked by most people. 

Many factors of poor illumination, such as glare, both direct &om the 
lighting unit and reflected from the work, or dark shadows, hamper seeing 
aiid will cause after-image and excessive visual fatigue which are an important 
contributing cause of industrial accidents. Many accidents which are 
attributed to an individuaFs carelessness can actually be traced to difficulty 
of seeiTig. 

One great loss to industry is brought about by minor accidents. Em- 
ployees may or may not report for first aid, but in either case they eontimie 
to work, and the quantity and quality of their work suffers. Such accidents 
are uncompensated for by insurance. Good lighting is a good way to guard 
against these costly minor accidents. The condition of the illumination at 
the point of accident should always be reported in accident investigations. 

, It is generally recognized that the individual workman is, in most cases, 
,the final arbiter of his own safety. ‘A careful workman is the best safety 
device/ Yet how much do we consider his ability to recognize his situation 


Accurately and quickly ? Psychologists estimate that more than 85 per 
cent, of afl mental impressions are received through the eye. Therefore, 
this essential sense through which so much of our awareness of environ- 
ment— the surroundings, work surfaces, tools, etc.— must pass shotdd be 
hel^d in every possible way. 

In employing a infi'n, industry is really obtaining the sources of a body, 
a mind, any skill in using these which he has developed through training 
and experience, and the five senses through which the man co-ordinates 
his acMvity With the remainder of the organization. Of these attributes the 
body, the mindi the skill and the senses of hearing, taste, touch and smell are 
the f esponsibility of the employee. Whether they are usefiii or useless to Mm 
and his employer depends entirely upon Mmself. However, the sense of ' 
sight, which has been shown to be all-important, is dependent not phly 
upon him, through the selection of eye-glasses when necessary aiid other, 
care of the eyes, but also upon Ms employer^. , > 

Wot siffU, alone of all the senses, is aflFected by an external agent, Ugki^ 
tp W hot yet fully known. And lighC through the sense of sight, 
pyi^ry activity of the wOrfahan, Ms powers of production, aeouraicg^ 
of worteahsMp^ menM attitude and physical welfare; . 

: ; greatest importance tp the indu^tpal safety officer, it 

mMiiMze0 an^ retards the deyelopment of fatigue. Gpod light is the one , 
fac^r of enywonment wMoh is' todamehtal to the efficient operation of 
the factey persohnelV: Yet it is not given thb importance it deseiwfee^ OT 
a;ftMPr undemanding of its^yhlue -is' reaJiiaed. ■ - \ ; '> " ;■ ' 

“a' 'day4ohg,-week**in,: ' w^k-put' activity. In comm!ph\, wth;'*/ 
fwMch ';psyohPlogtets\ have ehprt 

; qf|^h ' i^icataiyoompehsation ' Or ; Over-compPi|eatiplh'^^ 
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seeing ability. Frxder such conditions lie can be accnrately described as 
accident prciie. Also, if an accident should occur, it is seldom recognized 
that poor lighting was a contributing factor. 

Everyone has observed raen who faced windows ten or twelve feet away ' 
while engaged in intricate machine or bench operations. Window bright- 
ness may range fi'om 100- to 1,000 -foot candles, while it is rare that the ) 
brightnesses of the working surfaces are more than 10- to 50-foot cancUes*— 
and they are often much less. 

These working conditions are extremely fatiguing to the eyes, yet they 
have seldom been considered contributory to an accident. Such accidents 
are frequently attributed to negligence or carelessness of the worker, while ' 
actually a factor of environment, poor lighting, may be largely responsible. 

For this reason it is olivious that reports of accident causes, even the 
more carefully planned ones, do not present a complete picture of the 
relation between light and accidents. As a matter of fact, detailed analysis 
of the accidents in which poor light is considered as a contributing cause ; 
seems always clearly to indicate that this cause is given only for a luch of \ 
light, and therefore does not include the great majority of cases where poor , 
lighting may have afected the man’s judgment by visual or nervous fatigue. 

Seeing is to a great extent dependent upon external lighting conditions. 

It is necessary to consider not only the visibility of the object of regard but ' 
also the brightness and brightness ratios found in the entire visual field. 

The visibility of any object is determined by four factors : . . ; 

1. Size of the object or details to be seen. 

2. Contrast of the object with its background. 

3. Brightness of the object. 

4. The time it takes to see. 


These factors are so interlocked that for any particular visual task if ;, 
any three of them are established, the fourth is determined by the oth^ y 
three. Within our work world to-day both the size of the object and its ^ 
contrast with the background are usuaEy determined by the character of | 
the work. Brightness and time are Inversely variable since eyes require i 
a definite time interval to see, just as a camera requires a definite exposure, ; 
time to obtain a picture, ; i. 

It is possible to carry the analogy farther since eyes see more, quickly , 
with higher illumination than with low, just as a camera requires a shorter 
exposure time under the midday stm than at dusk. K a wheel rotating at;, 
comtant speed is seen with good fllumination, one obtains an impression I 
in a very short time, during which the wheel has not moved appreeiahlyii ! 
By a quick series of impressions we have the knowledge that the wheol if 
: rotating at a relatively slow rate. However, if the ifllunimitidh is sud-f 
; deMy decreased to a low level, but one frequently found in factories, 
wheel is apparently mqvmg much faster. ’ , ■, 

V mig^^ that a camera under the same condition wg^| 

require a lto|^ exposure time, during which the yrheel would |iave 
, ,»ppreaably ami hltnied the- negatived !Che eye goes' through tBeaame j^| 

' ' ’ceesj-ahd thus wget a blurred imj^esrieh-Hon© iriiich 'takes longer: to 
i-'j - imd'hi 'th#re is"'h longer. time inteiwal :between;;imp 
• '' ^ ’ moving _ ^nsidera|iyt faster.’ 'ifaddr,'''! 

',y' ' Jb ' this. cdidl£^J^;aonsiite the 
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be eoEsidered the result of a chain of events which culminates in the accident. 
If foreseen and acted upon quickly enough the accident could possibly have 
been averted. A split-second increase in the speed of vision may mean a 
margin of safety. For this reason, also, the ability to see quickly and 
accurately is a definite factor in any safety programme. 

Yery frequently the employee who is in his fifties ^-nd over is filtted 
physically and mentally for the responsible work for which Ms years of 
experience have prepared him. In many instances, however, failing vision 
^dil prevent such a worker from carrying on* exacting work and thus cause 
him to be relegated to simple routine tasks in which his experience is of 
little value. 

It has long been generally known that mth increasing age the eyes lose 
their capacity for adapting themselves to the various demands made upon 
them. Focusing power decreases so materially that at around the age of 
forty-five it is frequently desirable to wear bifocal glasses wMch permit the 
eye to focus upon near objects and far objects with little change in the 
accommodation of the eye itself. The pupil of the eye gradually becomes 
smaller and its ability to change rapidly in size to compensate for various 
illuminations is decreased. The actual retinal sensitivity is also decreased 
with age. 

These phenomena result in a considerably decreased ability to see. 
However, a rather carefully controlled production test proved that for an 
equal increase in foot-candles, a group of men with defective vision improved 
their working time 40 per cent, more than did another group with normal 
vision. In other words, better lighting helps those handicapped visually. 
These are most frequently the truly valuable skilled older workers, who can 
continue to carry on ejQB^ciently if the simple expedient is adopted of assisting 
their eyes with good illumination. 

It should not be thought that good lighting is of assistance only to the 
older workers. It is true it benefits them in greater proportion than it does 
the younger employees. It also helps all the visually handicapped to a 
greater extent than those with perfect vision, but even those in the latter 
group find, imder good lighting, a noticeable improvement in eye comfort 
^Mch results in decreased fatigue. 

In addition to poor visibility of the job in hand, another frequent environ- 
mental condition is glare. In so many factories the first thing that one sees 
is either bare, unshielded lamps or lamps inadequately shielded with small 
half-shades placed a few inches from the point of work. In many cases the 
men are conscious of this glare and turn the half-shades away from thein 
pjr eyezi paint the lamps, hut in either case the lamp is exposed to the man 
laomg hSn, with the same detrimental results. This is unnecessary as there 
are suOTlemeniiary lighting units on the market to-day which eliminate this 
dMculty*' ^ 

A much less obvioui^ type of glare is that caused by a metallic surface of 
reflection of excessively bright light soxirces. Clonsider, for example, the 
appearMice of a micrometer when lighted by an ordinary lighting system in ' 
comm^ usBf Note that the detail of the scale is completely obscured by. 
the blight sk^k on either side of it . FOr metallic surfaces^ of this sort it ^ 
M hayh the irdleotioh of a tmiformly bright source over a 

.portion-of the surface.' ^ ;; 

,, - Notice the^geeat topmvemehtwhen the' mierbmbter'#‘j^^l^^ 
:;''Heie;'%h^:‘is nq' glare \i8kce;'the;tot|re'“surfe 

bai^i^iind' out jfetidlpf the.,ac^Oi^^ 
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similar in appee.rance to a well-printed page. Accurate visibility measure- 
ments have indicated a threefold impiwement in visibility due to this 
simple change. 

Accidents are frequently caused by unusual shadows which confuse. 
Again there may be plenty of light, but tf it is from too small, bright sources^ 
shadows will be accentuated. This can easily be remedied by adequate* 
diffusion of the light. Fluorescent tubes, which have been generally accepted 
in the short time since their introduction, are excellent from this standpoint 
because of their large size. Light from such sources softens shadows to 
the point where they are no longer annoying. Such long light sources can 
also be used to advantage in providing the type of visibiSty needed for 
seeing machined surfaces. 

Falls on stairs are a type of accident both prevalent and difficult to 
ehminate. In active working areas, proper mechanical safeguards and 
education are often quite effective, whereas on stairs there is frequently a 
tendency to hurry, occasional horse play, and other factors which tend to 
make an accident more nearly possible. Consider the possibility of lighting 
the stairs properly and painting the risers a contrasting colour so that 
inaxnnum visibility can be obtained. Here, as in many other cases where 
an accident may or may not occur due to the alertness of the man in noticing 
ins danger, maximum illumination is an undoubted help. 

More often than not the lighting consists of one lamp, either bare or in a 
shallow reflector at the top of the stairs. Very often this is placed so that 
obscuring shadows are cast by each step over the step below. Also, the 
steps are frequently painted black, a dark grey, or have no paint on them 
whatsoever. In either case, what one sees is deceptive and conducive to 
accidents. 


Quality of light is the factor most universally controllable and also the 
most difficult to estimate in the entire illumination field. The eye is abspr. 
liueiy no judge of quantity since it is affected so ^eatly by its previous 
meet relationship between the lyattage of a lamp 
and ^e illumination received at the worltog plane, nor can candle-power 
be taken as a measure of the quantity of light which is being received where 
It IS need^. The only simple way of ascertaining what illumination is being 
the small, portable inexpensive light-meters which 
® accurate indication of light at any given point* 

_ TMs gives a &^t reading of t]^e foot-candle illumination received on 
the plane m which the sensitive cell lies. If the fight meter is not placed at 
the correct angle mcoixect readings will be secured. 

A gfeaeml idea of the amount of illumination represented by foot-cajddle 
■ SS by holding a neirspaper at different distances from 

t^sten fikmmt lamp, s6 that the li^t rays fell pferpeh. 
J^rly npn the J-or 16 foot-candles the distance shbuliTbe 

® foot-candles, twenty-one inches ; for 4 foot* 

* loot-candle, five feet ; for | foot-candlei:, 

brighta^ of the smfe* 
j^y upon t^ .foot-capdl^ of mddent iBnafinatim,bnh also 
^ 4dth eqfial ilioialnation, white 
'^hter.'.tlm- oaot-irma. It fe impiactioal, frOcroOatlT . 
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sets Up a current which varies according to the amount of light, and which 
is indicated on the dial. There are no adjustments to be made. 

To test the general lighting, hold the instrument horizontally well 
from the body, three feet from the floor, so that no shadow falls upon it. 
Care must also be taken to hold it in such a way that the hand does not 
interfere with the light falling on the light cell. 

The removable cover enables readings to be multiplied by five or ten, 
according to the maker of the instrument. Different kinds of lamps aflect 
the instrument differently and a list of corrective factors is supplied with 
the instrument. Do not use a light meter to compare the total light output 
of two lamps, either bare or in fittings, since the distribution of light from 
the lamps may not be similar. 

The safety officer in a factory will find a light meter invaluable. With 
its help and a knowledge of the simple fundamentals discussed -earlier in 
this chapter he can determine in many cases whether seeing conditions are 
likely to be hazardous either for short or for long periods. It will prove to 
him "that in many workshops the available daylight illumination is entheiy 
inadequate for efficient working and that artificial light is needed to supple- 
ment the meagre natural light. 

The illuminating engineer has also benefited in recent years by the 
development of a visibility meter which measures relative quantities and 
qualities of lighting in terms of seeing ability. This instrument is now 
available in several types which also extend the practical measurements 
which can be made of visual conditions. 

The many benefits of good industrial lighting have been determined by' 
progressive management. Among these are increased production ; a 
greater accuracy of workmanship which results in an improved quality of 
products with less spoilage and re-work ; a more complete utilization of 
floor space ; a greater ease of seeing, especially among older, experienced 
employees, thus making them more efficient ; improved morale among the 
employees which results in a decreased labour turn-over ; more easily 
mamtained cleanliness and neatness in the plant as well as fewer accidents. 

There is an important psychological effect connected with cheerful, 
pleasant, modern working surroundings as compared with the dim, gloomy 
interiors that are still too prevalent. In addition to the more cheerful 
appearance of a well-lighted interior, there are many minor frustrations due 
to poor lighting which continually harass the workman — such as the difficulty 
in reading scales, finding the proper drills or other tools, etc., which if 
continued day after day often instil a spirit of defeatism, a most undesirable 
condition among a factory personnel at any time. 

In tim opinion of a large number of employers who have recently im- 
proved thdr lighting, the better morale noticed after the relighting was one 
of the most important benefits obtained. , Employees definitely liked better 
lighting. . . , ; , / ' ‘ 

, Here ate some recommended minimum standards of illumination for 

mdusfrmbmteriors-' ■ - ’ ' ' " 

I^ebision I work,^ 60 foot-candles ; tewe and prolonged, yisual 
jobs; 28 to ^ foot-candles ; critical and prolonged visual jobs, 16 to 25 . 
fdoi^oaDdles ; i ordinary visual jobs, 10 to 15 foot-candles ; casual’ visual 
fdot-w iotigh visual jobs,' foot-candles. In . 

,ivP;.belomd a ipoiuprehoic^^^^ foot-candle intensities' reooten&ded 

tarimm tedustrial intent 
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CHAPTKB irra ,» 

SOURCES OF LIGHT 

F actory owners in .most industries are particularly interested in 
making the best possible use of their daylight facilities so as to render , 
useful and valuable all parts of the floor space and also to shorten 
the period •when artificial lighting is needed. 

The saw-tooth or skylight ■windo'ws of modem factory construction 
permit of an adequate and more uniform daylight illumination of the entire 
floor area, and are desirable when practicable. When workshops are 
illuminated through side -windows it is often difficult or impossible satis- , 
fiietorily to light all parts of the floor area, furnishing adequate illumination ; 
to the workers without subjecting some of them to objectionable glare. 

In some instances it is desirable to use the proper type of refracting Or ' 
difiusing glass which redireets the rays of light and improves the distribal 
tion of feylight in the room, especially in the parts remote from the •windows; 

If only one wall contains -windo-ws, the -width of the room perpendicular ; 
to the waU should be less than twice the height of the top of the windo-ws 
above the floor ; if windows are in two parallel walls, the -width of the room i 
between these walls should not exceed six times this -window height. , 

A saw-tooth roof gives best results when its width is about half the 
width of the building, and the height of the windows in the saw-tooth is, 
one-half of its width. The height of the windows in saw-tooth constraotim 
should be at least one-third of the span. In general, dngle-storey industrial 
buildings should have a window area of at least 30 pmr cent, of the floor ,, 
area. a 

Reflection of daylight from surfaces outside a building has an important f 
effect upon the lighting of a workshop. Facefet of structuresj -walls of courts, 
and roofs of saw-tooth buildings should be finished in the fittest practioable i 
colours and so maintained. The possibility of ^re from such surfaces f 
should, however, he considered. ' , . , J 

Windows should be equipped , with adjustable de-vioes sp that the illu- ; 
.mmation may be accommodated to changing exterior conditions. Window ‘ 
: blinds of li^t tones should be used, for at night they wiH reflect artificial; ! 
li^t hack into the room ; blinds transmitting diflusely a large part of tlm | 
natural light they receive will usually improve the daylight illumination. I 
When pirw^table, blflads shopld be mounted sd as to permit the coyming | 
of any d^ired parts of the -window. , ; | 

Loayres employes reflecting, diffusing surfaces are an effective mSans| 
qf c^Mpting ^0 dknrib natural illuminatioa as -well as the glace; i 

ftOm .trifidpwH, if ikUperly finished and sdiqsted. Any devices for adjhsWi 
ment of mtural lii^ting shduld he controllM by some specified indi-vMUali^ 
Papid changes in illumination levels result in dangerous, ev^'^tboii^'j 
' tWBpn»fy. ihabilfty to see; due to the time reqrnred fiar iadaptation of t!fe‘ 
ey^- ;An exam^e of this is wjheh one steps from bright sunlight .into;!.?' 

; dihriy %hted'in^or./ \ 

' ;.A^' passageway -adjadent ';io',a /highly - illuminaibed; ,ai>ea,';thec%p,';nee!ii 

jtelariyely hij^;, lind ■ ,greduid«d "filuminationr ’Agalhi ;■ -whesre' , ' the; '■ha& 

, affonied the adyimtag^nf'-ahigh'levelhf 'ilWrinafion-hfiBKnigho^t*,^ 

-^da^ji'.^d^artifi^lhi^h'&rturhed, oh tpi.reh3lc)r{i^>.^^ 
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higaer total iiiumination is usually needed than at night under artificial 
li<5fht alone. 

When planning a new factory building or other work-place the design 
should be such that the foot-candle values for daylight should be at least 
twice those recommended in the Appendices. The natural lighting is fre- 
qiientiy many times these figures ; in fact, iiiumination of 100 foot-candles 
or more can be measured near the 'window in almost any shop. 

Natural light is subject to variation throughout the day and no individual 
can be relied upon in practice to determine by visual observation when more 
light should be added in the room or when artificial light can be spared. 

Practical equipments utilizing light-sensitive cells have been developed 
for automatically controlling the lighting. These photo-electric relays can 
be relied upon to follo'w the changes of ck-ylight and make corrections when 
needed, even though the variation is so gradual as to escape attention. 
They i^l turn on the artificial lighting when the natural illumination at a 
given point in the room falls below a predetermined value. If the daylight 
illumination then increases sufficiently they 'will turn off the light. The 
photo-electric relay does not make mistakes. It assures good seeing con- 
ditions at all times with a minimum expenditure of electricity for lighting 
consistent with this result. 

Automatic control is recommended, particularly in positions where 
critical seeing is done -with daylight illumination. Frequently a man 
engrossed in his work 'will not notice the gradual diminution of daylight 
until he realizes that he has a headache or reaches the point where he simply 
cannot see. "VlTien this happens to an entire department the loss in employee 
efficiency is serious. The photo-electric relay stands guard over such 
eventuahties. It is an inexpensive means of avoiding the penalties of 
insufficient iUummation when reliance is placed on daylight as the principal 
p^source of light. 

The iEuminating engineer deals with the application of artificial light to 
the scientific needs of factory and office workers. His principal aims are ; 

1. The adequate and even illumination of the entire plane of work 
without glare. 

2. The elimination of dark shadows. 


The choice of lamps in a well-planned installation requires as much 
consideration as any of the other tools used in industry, since on their 
efflpient performance depends the possibility of carrying on work during 
the hours when daylight fails. 

. » The iOne and only purpose of electric lamps is to convert electrical 

5 mergy into light, and the value of a lamp therefore depends solely and 
absolutely on its ability to do this economically. 

In order to appreciate the historical importance of electric lamps to 
. Mdustry it is perhaps interesting to point outln retrospect the development 
of ,ih<^hdescent lamps from the early parchmentized thread filament to the 
I modem gaa*fified tungsten lam^ . ; 

1 ^^^- ^ to the contrary, the first patent granted on an 

I &and^qent:to in 1841 to Frederick de Moleyns jinst a few, „ 

I ; ^r BGchael Faraday had ^covered the basic laws pjf th© dyimffio. 

f ^hi^jArchmentme^^^ thread and simTifltanOduity 

i:'molnas Siiaonfin the United: States? perfecti^'MS' carbon ’fllaaneni; The ■” 
[ ,hi^ ..font;' ,oht8tahaihg;;impi^^^ ^^’irasy^^high- 
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resistance lamp ; (2) tiie lamp was entirety enclosed in glass ; (3) it operated 
in a liigli vacuum ; and (4) the carbon filaments were held in place by 
platiimm parts. A year later Edison brought out the carbonized bamboo 
filament. This lamp had an efficiency of 1 *6 lumens per watt. 

These early carbon filaments were very fragile. But their chief dis- 
advantage lay in the distinctly yellow cast in the light — ^the reason being ■ 
too low a temperature of the filament. Since these ffla^ments were already 
operating Just under the vaporization temperature, nothing could be done 
about it. 

A real improvement came with the introduction of tantalum metal for 
filaments, whidi permitted much higher temperatures to be attained. In 
1910, however, after long and brilMant research, Dr. W. G. CooMge succeeded 
in drawing out into a very fine thread the hard, tough metal tungsten. This 
accomplishment was the turning point in the manufacture of electric lamps, 
for tungsten filaments may be raised to the incredibly high temperature of 
4,800 degrees Fah,, with the result that the emitted light began to approach 
the texture of sunlight. The efficiency of this lamp was 8 lumens per w^att, 
a fivefold increase over the carbon lamp. 

It was soon found that this new evacuated tungsten filament lamp became 
black with continuous use, due to the rapid evaporation of tungsten. In 
1913 Dr. Irving Langmuir introduced the inert gas, nitrogen, into the lamp. 
The presence of this gas materially reduced the rate of evaporation of 
tungsten and in addition permitted the temperature to be raised. The 
present gas^filled lamp contains argon, with Just a little nitrogen. Lamps 
of this type are being manufactured with efficiencies ranging from 8 to 30 
lumens per w'att. 

Other developments of comparable importance were the introduction 
of the tipless lamp ; the inside frosting process which diffuses the light 
property and thus eliminates glare ; and finally the replacement of the 
straight filaments by the highly efficient helical ones. 

To-day there are some 6,000 types of lamps, from the |-irvatt lamp used 
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in surgical instruments to commercial lamps of 30,000 watts, Sodium 
vapour lamps wliich give rise to a characteristic yellow light are now suc- 
cessfully used for street and floor lighting. This lamp, which utilizes the 
principle of fluorescence, has an efficiency of 60 lumens per watt. Other 
lamps used for definite commercial purposes are the mercury vapour lamp, 
with an efficiency twice that of the best tungsten incandescent lamp, and 
the neon lamp, which has the unusually high efficiency of 20 lumens per watt. 

There are three factors which, taken together, determine the quality 
of a lamp — flight, life and uniformity — and in considering these factors it 
must be borne in mind that light and life are interdependent. Any given 
size of lamp can be made to give any desired amount of light, but in doing 
so its life will be seriously affected. An ordinary 100-watt lamp Just glowing 
\vill last for years ; if burning at its normal brightness its life will be in the 
neighbourhood of 1,000 hours ; but if forced to give double its normal light 
it will only last for 50 hours or less. 

The only metal filament lamp of the vacuum type in use to-day has a 
filament of tungsten, with the air removed from the bulb. The efficiencj^ 
of this lamp is considerably higher than that of its predecessor the carbon 
lamp, but mere substitution of tungsten for carbon did not eliminate the 
tendency of the filament to evaporate and blacken the bulb. In’ about 
1918 practical means were found to increase the light from tungsten filament 
of all but the smaller sizes, and to reduce the blackening effect of filament 
evaporation. 

The incandescent filament of a lamp runs at an extremely high tempera- 
ture at which evaporation can take place readily, but the rate of evaporation 
of tungsten depends largely on the external pressure. In the case of a 
vacuum lamp the pressure is practically and therefore the rate of 
evaporation is at its highest ; but if the pressure can be raised to some 
-appreciable value then the rate of evaporation will be slowed down and the 
blackening effect will be less evident. 

In a gas-fiUed lamp an inert gas, such as argon or nitrogen, which does 
not attack the filament chemically, is inserted into the bulb with the sole 
object of providing a pressure therein. At the same time, the gas unfortu- 
nately has a cooling effect on the heated filaments it surrounds, and means 
had td be found to reduce this cooling effect while at the same time main- 
taining pressure. 

The method adopted is to coil the filament into a very close spiral 
through which the convection ciurents of gas do not have a free passage. 
The effective surface which the filament presents to the gas is therefore that 
of a comparatively short thick cylinder, instead of a very long thin wire, 
and it will be obvious that the amount of heat carried away by convection 
wiH be considerably reduced. 

Thus, by filling the bulb with gas and by coiling the filament it is pos- 
sible to heat the filament to a higher temperature, and so obtain more light, 
wfhile at the same time keeping the evaporation of the filament and therefore 
the blaokmfing of the bffib under co^ 

; .The latest major, develophaent in tungsten filament lamp manufacture 
Is ihe /production and the use ofiithe ooiledThoil filament which is really ai*. 

^ elahoiratibh of single cpi^^ • " " , ' . 

; , , By coiling of the already coiled filament the^effee^^^ 

Oohvectiofr currents in the gas is fmther reduced so 
Of lAt to the gas is also reduced and the Ihmp is therefore made . 




Many people still believe that the filament of a coiled-coil lamp runs at a 
higher temperature than that of an ordinary gas-filled lamp. But this k 
not so. If it were the life of the lamp would be shortened. Actually both 
temperature and life are the same. A simple explanation for the extra ' 
efficiency of the lamp is this : 

Due to the reduced loss of heat to the gas the temperature of the tiiameat ; 
wouldj other things being equal, tend to rise, and to prevent this it is made 
slightly longer. This, however, has the effect of reducing the wattage of 
the lamp, but as it is desirable that the rated wattage of the various types 
of lamps should be similar, the diameter of the filament wire is slightly 
increased to bring the wattage back to normal, A coiled-coil filament wire, 
therefore, is slightly longer and slightly thicker than that of a single eoO, 
and runs at the same temperature, but as the volume of the incandescent 
metal is greater it emit more light. 

A further incidental reason for the extra light output is the fact that the ; 
more compact filament of a coded-coil lamp can be retained in position hj 
fewer supporting wires, each of which is responsible for a drop in filament ; 
temperature at the point of support* J 

The efficiency of a lamp is the ratio of the luminous output to the input 
of po^yer. It is expressed in lumens per watt. 

The increase of efficiency of coiled-coil lamps compared with single- 
coiled lamps of equal wattage is as follows (200 to 260 volts) : 40-watt 
coiled-coil lamps give an increase of l%ht of 20 per cent, ; 60- watt, 15 per; / 
cent, increase ; 75-watt, 12 1 per cent, increase ; 100-watt, 10 per cent, 
in.crease, 

Electric discharge lamps have been developed in recent j’^ears and have 
great industrial possibilities. A brief explanation of the functioning of an ; 
electric discharge lamp is as follows : 


Cosmic rays and other lonking agents are contmually producing ions in ^ 
the air and in the gas or vapour enclosed in a discharge tube, these ions being "f 
tiny particles of matter free to move under the influence of voltage. If a f 
voltage is applied to the ends of the tube the ions will move along it, colliding ^ 
occasionally with atoms of gas. If the voltage is low the ions will merely i 
rebound, but when the voltage reaches a critical value the ions MU be moving I 
so fast; that the force of collision tend to» displace one or more of the I 
electrons, revolving round the atom, into an unnatural orbit. These dis- f 
placed electrons rapidly return to their nomal orbits, and in doing so give 
up aU the energy they have absorbed. This emitted energy takes the form ; 
;of electro-magnetic radiations at certain definite fcequencies, which, if the | 
gas and opm'ating conditions are carefully chosen, are visible ; the fee- | 
quenoy of radiations is characteristic of the gas, and the intensity of each I 
farie® with, the gas or vapour pressure, ; r | 

; tf the oi^ratihg voltage is increased above the critical value, the energy | 
imj^rted to the moving ions may residi in the e^^ufaion of an electron from; ! 
'the gas when the moving ion and the atom coine into coj^^ ;; 

i thfe i^hdition oceum the atom and the expelled electron themselves , 

ibns, and k movmg along tube under the influence of the applied voltagd i 

they kay t^use more eoIMom, thus pr<>dnbing a ferther supply of ions, i 1^ 
^i^y be‘|&enm.tO',the^groMh;of a, snowball. \:Thus‘ it 'wili; 'be 
;^ised. thenuixent m;ihe;kmp.'w^;in^ 

a^ybry low^prea^W' (to 
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speed before the collision), with an electrode sealed into each end, with a 
device for providing the higher voltage per unit length necessary for starting, 
and with automatic limitation of current when ranning. 

It is found that considerably more current can be passed by the elec- 
trodes, without damage to themselves, if they contain compounds of alkaline 
earths which are heated so as to emit electrons freely. The greater current 
density in 'hot cathode’ lamps natui'ally results in a greater amount of 
li<yht, and lamps of this type can be run on ordinary mains voltage. 

Mercur^^ type electric discharge lamps command great attention from 
progressive lighting engineers. The essential parts of this type of lamp are : 

1. An inner tube containing argon at lo^v pressure, and a little mercury, 
with one main electrode at each end and an auxiliary starting electrode at 
one end. 

2. A special starting resistance. 

3, An outer glass tube or bulb, in w^hich the inner tube is centrally 
supported, the space between the two tubes being exhausted of air in order 
to prevent the formation of cold spots on the inner tube, due to which the 
mercury vapour might condense. 

4, The ends of the inner tube are often silvered to assist in maintaining 
the heat, particularly in the region of the electrodes. 

On first switching on, the applied voltage will not start a discharge 
between the main electrodes, as the voltage gradient is insufficient. How- 
ever, there is an auxiliary electrode very close to the main electrode and the 
voltage gradient at this point, is sufficient to start a discharge in argon 
across tins smaU space. Immediately this discharge starts the gas becomes 
ionized, and the discharge between the two main electrodes takes place. 
The current in the auxiliary starting circuit is limited by means of a 50,000- 
^ ohm series resistance, and it can therefore be disregarded after fulfilling its 
purpose in initiating the discharge. 

The discharge in argon is rapidly displaced by a discharge in mercury 
vapour, and as the heat of the ffisoharge vaporizes the mercury and raises 
the vapour pressure, so the brilliance of the arc increases until after about 
five minutes (in the case of the larger lamps) it appears as a narrow- cord of 
light stretched between the two electrodes. The smaller sizes of lamps 
run up to full brightness in a considerably shorter time. 

If small sizes of mercury discharge lamps were to be made in the same form 
as their larger counterparts, their comparative efficiency would be father 
low, although still very considerably higW than that of equivalent tungsten 
filament lamps. It was found, however, that by raising the pressure of 
. the mercury vapour, by enclosing it in a smaller tube wMch has to be made 
of quartz, to withstand the high temperature, the efficiency is brought back 
to appf oiximately that of the large lamps. These smaller mercury lamps, 
with their familiar pear-shaped bffibs, are able to take the place of many 
similartsized tuhgsten lamps, with obvious benefits under certain conditions, 
i V / ^6 voltage necessary to start a discharge depends partly on the pressure 
; 6f vapour in the disol^rge tubo.^ „ W hot, a mercury discharge, laipp has 
an appreciable internal pressufeV ^nd ordinary mains voltage is insuffi- 
efelit to restart the diach^ge, hfter switching off, until the has cooled 
the-pressme to a lower value. 'If tie switch 'is left . 
f restrffie automaticaBj as soon ilus condition 

lamp^pf ;|fl0t;.and '2^*wait;’sit;e^;qhOT^ 
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vertically cap up (or cap down if specially designed) or within a small angle 
to the vertical, unless special steps are taken to ensure that the arc is made 
to occupy the centre of the discharge tube itself. Lamps of 125- and 80- 
watt sizes can be burnt in any position. 

A table showing the operating characteristics of ordinary mercury lamps 
is given on page 117 of Appendices. 

A sodium discharge lamp functions in a similar manner to a mercury 
discharge lamp except that the discharge is first started in neon and is theia 
continued in sodium vapour. 

The time taken for these lamps to reach full brightness is up to fifteea 
minutes, varying with the size of the lamp, but owing to the fact that it is 
essentially a low-pressure lamp the arc will strike immediately it is switched 
on, whether the lamp is hot or cold. Its brightness at the moment of switch* 
ing on will, of course, depend on the state of vaporization of the sodium. 
Sodium lamps are available in 45-, 60-, 85-, and 140-watt sizes. The normal 
burning position is horizontal, but the two smaller sizes may also be used 
vertically, cap upwards. A table showing the operating characteristics of 
sodium lamps is given on page 117 of Appendices. 

It has already been explained that a device is necessary to limit the 
current flowing in an electric discharge lamp. The usual method employed 
is to insert a choke in the ’phase’ lead of a mercury lamp, and to supply a, 
sodium lamp through a leakage transformer’ vith the primary winding 
coimeeted to the mains and the secondary winding to the lamp. Chokes 
and transformers, however, are both reactors which cause the circuit to 
have a lagging power factor, i.e., the current flowing in the mains will 
actually be greater than that to be expected with a lamp of given si 2 ?$. 
In the majority of cases it is desirable on economic grounds partly to rectify 
this state of affairs, and it can be done quite simply by connecting a con- 
denser across the mains. Charges for current will thus be reduced. 

Chokes and transformers will each absorb a small amount of power, 
which should be added to the rated lamp wattage in order to find the true 
wattage of the lamp circuit. Details of approximate operating data can be 
obtained from the manufacturers of the lamps it is proposed to use. 

The condenser must be connect^ across the wins and not across the 
lamp terminals. One choke or transjformer is needed for each lamp, hut 
proportionately larger condensers may be used to serve a group of lamps. 


CHAPTER SIX 


'■ ' FLVOnwmT '^TumLAR 'lAim 

have remitly developed a new eiectric lamp 
1^ operating upon physical pilnciples basicafly different from 
of the incandescent lamps discussed in the previous chapter. 
new#uori^cent tuliuiar lamp is a more efficient somce of Hght than the 
of ’tho\ayaflable tungsten, fikhiont^ " /!■ ' 


lainpjfe' this ^ery qb|ect' whoh' heat^’ tO;A suffldehtly ''jighrtemp^ratufel 
, to>mit higher the 'tohiperature thAmdre:„lih^ euniii^ll 
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In spite of the fact that the technique of producing illumination has been 
eminently successful in providing a convenient and quite adaptable source 
of light, it is nevertheless a technique of sheer awkwardness and brute 
strength, for of ail the electrical energy used, say in a 60-watt bulb, only 
6 per^^cent. is useful energy, that is, energy in the visible light range. The 
rest is wasted in the form of heat. Stated practically, of every million 
pounds spent on electrical energy each* year for lighting purposes £940,000 
is wasted 1 

It is this fact that has given research laboratories impetus to investigate 
sources of iiliimination. iQthough the efaciency of incandescent lamps can 
be improved by increasing the temperature of the filament, there is a prac- 
tical limit to which this can be done. In order that a hot body shall emit 
the maximum amount of energy in the useful visible range, the body, 
theoretically, must be heated to the fantastic temperature of 10,000 degrees 
Fah. 1 All knowm substances vaporize before reaching this temperature. 

The research physicist has pushed his investigations along entirely new 
lines, using as a clue this simple basic fact : If light from the sun (the ideal 
to be att^ed) is analysed by allowing this radiation to enter a prism of 
glass, which has the property of resolving light into its spectrum colours, 
the original light is found to be nothing more than a mixture of colours 
ranging from deep indigo through violet to red in the visible range and 
bordered on both sides by the invisible infra-red and ultra-violet. More- 
over, it is found that of the radiation of the smi that can stimulate the retina 
of the eye 38 per cent, can be roughly classified as red, 37 per cent, as green, 
and 25 per cent, as blue. These three colours, red, green and blue, are known 
as primary colours, for any other coloxzrs in the' spectrum can be matched, 
in so far as the eye is concerned, by an appropriate mixture of primary 
colours. 

As early as 1680 Newiion learned that white light could be approximated 
by mixing just two colours, known as complementary colours . The sensation 
of white produced by the mixture of two colours, however, is a physio- 
logical effect. Blue and yellow of the proper tints and intensities wiU make 
white ; also, green and red may be complementary. In order to com- 
pletely match sunlight, of course, it would be necessary to blend all the 
colours of the white light spectrum. But since the eye cannot appreciate 
the entire gamut of colours, the physicist has taken advantage of the fact 
in blending 38 per cent, red with 37 per cent, green and 25 per cent, blue to 
obtain a mixture that is visually sunlight. This is what is effectively done 
in the fluorescent' lamp. 

The phenomenon of fluorescence, briefly explained, is this : Light from 
ail ulfra-violet, for example, is absorbed by the atoms of an element ; the 
enef^ of the absorbed waves, instead of appearing simply as heat, m is 
geiiierafly the nase, produces an excitation of the atoms, and the energy 
sMfe dming the readjustment to produce light waves from these atoms — 
light that is characteristic of the atoms, not of the exciting waves, In the 
01 ^ of the fluorescence is matked by a beautiful yellow 

\ . ' : ' ' " ’■ / 

' r j^ectrdns from the iWire are shot into the mercury vapour, exciting the 
t^rriiry atoms J|o that on reorgahimtion to their normal state they eipit 
light* This light is allowed tq fe^di^ the shell of a 
^ ^at centos of the proper fluorescent matari^, ’ 

to strongly. fluorescer-r-some red^an^ yeUowybtherahltte ■, 

is whaiiir’ihei/eyS: ideir^ess^O/'wh^ 
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light. Not only are these new lamps capable of producing whitb light, hut 
by proper choice of fluorescent material many delicate hues hitherto im- 
possible are available. 

Fluorescent lamps have several characteristics recommending them for 
industrial illiuoinating purposes. 

1. They economically produce light of daylight colour quality. 

2. They permit higher levels of lighting to be obtained with existing 
wiring, if power factor correcting equipment is used at the lamp. 

3. They produce cooler illumination. With their use it is now possible 
to provide 100 or more foct-candles without discorofort from heat. 

4. They are large-area low^-biightness sources and therefore provide 
lighting of good quality. 

Although the physics of light production of these lamps is complicated, 
they are simple in form and easy to operate. 

The operation of fluorescent lamps involves the fundamental principles 


I.,, 60 “ ^ 



of fluorescence which have long been of scientific interest. It is an electric 
discharge device making use of ulto*violet energy to activate a fluorescent 
material coated on the inside of the bulb surface. ISie powdered material 
may be one of several or a mixture of definite inorganic chemioals known as 
phosjphors* The phosphor powders transform short-wave invisible radiation , 
iiito Vfaiblo Kght. They are made synthetically because they must be care- 
fiilly eontrollSi for composition, purity and physical condition to obtain uhi- 
' formly , high efficiencies. The fluorescent powder must respond to the 
l^rticnlar type of ultra-violet gen^ . V ; 

' The lamps ate really hollow tubes capped at each end with standaird ; 

^ ' 'bhyoheteaps, thus’’ necessitating flembfe^socket cbimections. ' , The^ ektbmhl' 

: are coiinected to filarilentary thermionic electrodei? made of coiled ^ 

f ; te wiice* The filh^ent electrodes are edated with dn active eleet^n 
' 'V,! ‘pnn^Ve mato^ ; Iwdq the'hidb'there.'m^.a small globule' of; inetonry 

^ apreasure of abQUt,d/^tb'of 

stetoigV AJfter 'starting,,, the '.'oUrtopt 




FLUOEESCEOT TtlBULAB LAMPS 


39 


allows only a smoil temperature rise, resulting in a low vapour pressure. 
Under these conditions the desired resonant radiation of mercury is efficiently" 


produced. 

Fig. 2 shows the lamps in some detail, part of the glass being broken 
away to reveal one electrode and the position of the powder layer. Owing 
to the low temperature at which the lamp operates, approximately 40 
decrees C., the fluorescent powder can be safely accommodated on the inner 
surmce of the glass tube, and no outer jacket or special powder support is 


required. 

The dimensions of the lamp are chosen carefully to meet the interdepen- 
dent factors of mains voltage, lamp wattage and the conditions governing 
efficiency of F.V. (2537 Angstoms) production. This efliciency falls with 
increase" of current density and so a large diameter tube is chosen. The 
lamp voltage drop decreases with tube diameter, however, and for economy 
in choke design and powder factor correction condenser capacity" a diameter 
is chosen which will give the correct voltage drop with a reasonable tube 
length. There is an oiDtimum temperature for U.V. production, and lamp 
dimensions and wattage have to be such as to give this. The final decision 
on ske depends, therefore, on correct technical selection jfrom a complex 
set of conditions. 

The colour of light for fluorescent lights depends principally on the 
chemical nature of the powder, but physical form is also important for 
efficiency and ease of application. A number of colours have been per- 
fected, but only the 80-watt tubular fluorescent lamp is at present on the 
British market. 

The light from fluorescent lamps is made up of the broad band spectra 
produced by the fluorescent powders and also by the characteristic visible 
live spectrum produced hj the mercury vapour ; the latter is incidental 
to the production of the short iiltra- violet. The light from the live spectrum 
is predominantly blue and influences the resulting colour of some lamps to 
an appreciable extent, since there would be 3| lumens of mercury light 
for each w’att of input if the fluorescent powder were left out of the bulb. 
ActuaEy, the percentage of the total radiation represented by this mercury 
live radiation depends, of course, on the efficiency and colour characteristics 
of the phosphor in any particular type of lamp. It is a small percentage 
of the total light in the case of the green lamp where the efficiency is high, 
wMe it is more pronounced in the case of pink lamps. In the case of the 
red, where the additional red colour coat is used, very little, if any, of the 
ykible mercury lines get through, being absorbed by the red coating. 

, Smgle phosphors which produce their own characteristic spectral curves 
are employed in the five coloured lamps. In the white and daylight lamps, 
hpweyer, three specially selected phosphors in proper proportion are used 
in ^qh so thaf a more nearly continuous spectrum is obtained. Thus, by 
yafyihg the mbetufes, definite colour temperatures can be standardiaied. 

The white fluorescent lanip is the result of many trials and experiments 
with the 'idesf of producing having a warmth tp its oharaetbr 

:and under which people, etc., would have a pleasing yet reasonably natural 
app^r^ce* All of the colours are present, and although their distpbutiph 
aii incandescent sPHd they are so ptopbrtiPned that . 
iresMts^^^ satisfactory; The colour temperati^e ielolose to 
i|^t light source , cannot be directly compared tp a black body 

,t^mp,has a'-cblouv' temp^ature pf*.6a(k) K,'. whidh’ 

dayhghti,', and, represents ilhehHglu 
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from m overcast sky. The three phosphors in it have been so mixed that 
theii* light covers the visible spectrum and the mercury lines approximately 
make up for the depressions except in the red region. There is no satis- 
factory phosphor avadabl© which can adequately augment the deep red. 
The eye is not very sensitive in this region, however, and the lack of some 
red and the other more minor irregularities are not easily detected in use. 

Fluorescent lamps, in common with other discharge lamps, have negative 
volt-ampere characteristics and require some sort of auxiliary equipment to 
operate them. The elements comprising the auxiliary aid (i) an iron-core 
choke coil which limits the are current, and (2) a starting switch which 
momentarily closes and then opens the electrode heating circuit. Each 
lamp requires a separate auxiliary, though the elements for two lamps may 
be in a single container. Specifically designed ballast equipments are 
required for each wattage size, for each frequency and for each voltage 
range. 

The starter switch is the element most likely to cause trouble, either by * 
breakage in stock or in use. The usual system employs the replaceable 
starter, facilitating the discovery of switch trouble and simplifying wiring. 

The starter switch has to comply with very definite requirements in 
addition to automatic operation : i 

{a) KeHability in service with a long life covering many thousands i 
of operations. . ; 

(6) Small size and economic construction. f 

(c) It must open as soon as, but not before^ the lamp electrodes 
have reached operating temperature. 

(d) It must hold open over all normal and many abnormal variations 
in live voltage. 

(e) It must re-close quickly when the lamp is switched off so as'to j 

be ready to re-start the lamp at once if required to do so, and it must not 
chatter. I 


The thermally-operated starter consists of two bi-metal contact arms, 
one of which is operated by an adjacent heater connected in series with the 
lamp, tho other serving as"a compensator to render the switch independent 
of changes in ambient temperature. These elements are hermetically ' 
sealed in a small glass bulb filled with gas which gives the switch the desired 
quick operation. In the Mazda thermal glow switch the heater is replaced 
by a glow discharge between the two M-metal arms. To simplify starting 
this equipment has been made so that the electrodes are pre-heated. This 
rhakes lower starting voltages possible. 

Details for operating fluorescent lamps vary with individual makers. 

In the Mazda design the thermal glow switch permits current to pass^ , 
; . through filaihent type electrodes untfl they are hot and emit a copious supply , 
qf cfettom, and.^hen to arrange that a voltage higher than the mains be 
momentarily available. This causes a spread Of ionization along the' length 
' Of the thjhs and tho mercpiy vapom 

; , : ; Ohoe ionization Occurs, current passes freely though the lamp and its 
rek&tincO falls with increasing current. Due to this 'negative resistance' 
ehiwracf^istio of^the it is peceiBsaiy, as discharge ' 

^to connect a;atahiKz’bg hhoke'in series. , 'The, choke' redtiees 
'ppwer, 'factor so 'that, a 'condenser' is necessary: to "bring 1t 'up to 0*86 ''ori;? 
: '' >, ’’ ^ ^ 

;; mehus 'of 'el^ode heating are/;necessai 7 > ‘'only .for second 
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SO while the lamp starts, for after this the electrodes are designed to be self- 
heating by the discharge current. It is also necessary at the starting period 
to supply a momentary high voltage. 

In the usual type of design the thermal switch permits current to pass 
through the electrodes until they are hot and emit a copious supply of 
electrons, and then to arrange that a voltage higher than the mains be 
momentarily available, this switch opening, automatically allowing the 
are to strike. An inductive kick from the choke as the s^vitch is opened 
(fires a safety factor in starting. The momentary (approximately one second) 
starting current may be about I ampere for each lamp with its equipment, 
while the operating current is less than | ampere. 

It is obvious, however, that occasionally the switch will open when the 
voltage is close to the zero point in the cycle, when the lamp will not start. 
In such cases there is about three or four seconds delay until the switch 
can operate a second time. 

Of the several t 3 q)es of starter switches the thermal starting switch is 
lowest in cost and provides positive pre-heating conducive to long lamp 
life. The magiretic switch circuit provides quick starting at reasonably low 
cost. Switch circuits cannot be expected to be satisfactory if hne voltages 
are more than 10 to 15 per cent, below normal because of inability of the 
switches to hold open. 

The light output of fluorescent lamps is not affected by variations in line 
woltage to the same extent as filament lamps. The wattage delivered to 
the lamp is influenced, of course, by the type of operating equipment and 
iby the characteiistics of the chokes in that equipment, but in general, with 
the ordinary type of auxiliary using no capacitance it may be said that a 1 per 
cent, change in line voltage means a 2 per cent, change in lumens from 
fluorescent lamps instead of a 3 per cent, change in lumens in jfllament 
lamps. 

It is interesting to note that as the Hne voltage goes up the lamp voltage 
goes down, and although the lumen output increases the efficiency decreases. 
Seasons are — ^the increased line voltage causes the choke to pass more 
^ current to the lamp which lowers the resistance of the discharge path and 
produces the lower voltage drop. 

The watts input to the lainp are slightly increased and therefore the 
lumens increase over a certain range, but because of the higher current 
density in the discharge space thf short ultra-violet radiation is generated 
. loss efficiently. Consequently the luminous efficiency of the lamp decreases. 

The lamp is designed to give its best all-round performance at the 
specified wattage. Lowering the wattage will not necessarily increase 
the life of the lamp as is the case with filament lamps, because such treat- 
ment places a greater burden on the electrodes, causing them to operate 

:^1 and to be bombarded too severely. On the other hand, excessive 
wattag^ also causes a shortening of the life due to the more rapid use of 
%e Active mato 

- ‘ Sinoetthe fluorescent lamp operates best when mercury vapdhrpressttre is 
at Ji certajta value it can be saffi that it is influenced by ambient temperatures, 
hoiti^ ambient temperature^ of 70 to $0 degree 

lie ll-iheh laihpa operate at 104 to 113 Fah*^^: tho ambient 

beopme higher, such as at or lOO degrees Fah., there iMkm 
'At the lower' temperatures, however, 'there ’ 
“^“^^hs deoflne in lumens so that W^eh the ihermom^tW m ^ 
a; lampgiveapnly Abou^^ qf ' 
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burned in tLe open with still air and no protection. This condition may he 
very largely corrected by using cones, reflectors, shields, etc. For example, 
with an ambient temperature of 74 degrees Fah. an 18-meh by l-ineh lamp 
gave 100 per cent, lumens, while at 15 degrees Fah. it gave 8 per cent. ; 
lumens. The same lamp in a fully enclosing jacket of a high-quality trans- 
lucent plastic gave 80 per cent, noimal lumens at 15 degrees Fah. 

Practical lamps are designed so that the bulb temperatures under 
normal operating conditions are just above the peak value. Movement of 
the air reduces the bulb temperature to a given air temperature, and to 
cover cimditions encountered in industrial lighting installations, the bulb 
temperature has been placed safely above the peak. • 

It is probable that the variation of the light output with temperature 
may be noticed visually, after starting a lamp on a cold The lamp 
bulb temperature is initially that of the air, and if this is low in temperature 
the light output may noticeably increase as the lamp warms up. . 

Fluorescent light is sometimes referred to as cool light, and there is | 
justifleation. In addition to requiring less watts for a given output, fluores- ' 
cent lights actually radiate less heat per lumen than filament lamps. A ' 
standard 40-watt opal filament lamp gives about 475 lumens and radiates , 
78 per cent, of its input, or about 31 watts ; this radiation is mostly infra- 
red. The 80-watt white fluorescent light gives 2,800 lumens, but radiates ' 
only 47 per cent, of its input, or about 37 watts when used bare. This , 
means that for equal lumens from lighting installations rising the two types \ 
of lamps there is approximately one-quarter as much heat radiated from the 
fluorescent lamps as from incandescent lamps. Most of the waste energy ! 
is conducted from fluorescent lamps, while with incandescent lamps it is ; 
largely radiated. In the one case much of the beat stays near the lamps, 
usually in the upper parts of a room, w’hile in the other the heat may fall 
directly on the persons and other objects in the room. The advantage of 
the lesser radiated heat, from the comfort standpoint, and in connection I 
with air conditioning, is obvious. However, the total heat will be a , direct ! 
ratio of the wattage employed. i 

Fluorescent lamps, being ekctiic discharge lamps, have somewhat the I 
same characteristics as mercury sodium lamps with respect to the lack of | 
cpinstancy of light flux due to the alterations of the current upon which they I 
are operated. The fluorescent powder, however, has in most cases a per- | 
sistence Of glow, known as phosphorescence, which tends to reduce flicker f 
effect. The fluorescent lamp has a characteristic stroboscopic effect about 
flalf-way between those of incandescent and electric discharge lamps. 

. Jn the base of ordinary tungsten filament gas-fiUed lamps working on ah 
/ alternating current circuit, the filament tends to become cooler and hotter ; 
ill acwidance with the cyclic variation of current flowing in it, but due. to 
its the actual ^"ariation of temperaturo, and therefore the light output, ; 
is unpoticeahle except perhaps with the very smallest size of lamps. ; ; 

: ; -With eleetnc discharge lamps of all kinds the arc is actually extinguished 
; -e^ery tme the current cycle passes through xero, aM before electric das- 
into common u^^ 

that; ihe '.consequent 8frotecqpieieffeet:migW a:SDurce'of o6nsiderhhfe''''''J 
hniic^ahc^. ' it;|syery Seldona^'ind^; 

||j|t,;the' effect is. eiti^er dangerous or distracting^ sih<^'Wen^'if ohe.parricdfe^^^^ 
s^hd; stid the mdvemimts* of 'other p^e will "make if 'jU 
Obylouttliatfche'iOichinfry^iam \ 
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or tlie market at present, it may be said that there are three distinct systems. 

first type is the single phase system wliich is stroboscopic. The second 
i/tlie "spilt phase system which is partially stroboscopic. Both of these 
ran be cWnected directly to the standard single phase lighting circuit. 

The third type is the polyphase system w^^hich is anti-stroboscopic, 
with one tube connected to each phase. The latter can be connected only 
to a three-phase power line which is rather conventional in factories. 

The dickering effect observed under some fluorescent lights which 
makes a wheel seem to stand still or turn backwards or a moving object to 
appear in a series, thus creating an iiiusion, is caused by light variations 
and is known as stroboscopic e&ect. This phenomenon is a cause of eye- 
strain and headache. 

To explain this phenomenon let us refer to the simple wdieel in Fig. 3. 
For convenience let us assume that this wheel rotates at a speed of one 
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Fro. 3.— STEOBOSCOPIO 
EFFECT 


Fio. 4.---VALXJE OF VOLTAGE WITH 
KBSPECT TO TIME, m AN ALTBBN- 
ATING CXJBRENT CIRCITIT 


revolution per second and that it receives a lighting impulse once every 
second. The only time spoke a is lighted is when it is in the top position, 
and during the remainder of the revolution this spoke is not lighted and 
' hence not seen. . 

The sam^^^olds true of spokes b and c, hence they will be seen only in 
their respectiTO positions. This makes the wheel appear to be motionless.i 
Furthermore, if the speed of the light impulses is not the same as that pt 
the revolving wjieel, the wheel will appear to rotate at a much slower speed 
, that it actually , does. The apparent speed will be equal to the actual 
different in speeds between the light impulses and the rotiating whe^L , 
Thfe same phenomenon illustrated % the wheel applies equally Ivett to 
reciprocating motions, such as punch, shears, etc., and transieiiit motions; 

Thte,^n best be imderstopd by observing Fig. 4 whiolr shows the W^^ 
voltage with respect to time in an alternating current Circuit.; , P ‘i ,; ' : 
light emitted'fiom a neon-typc' tube' follows the/Vdltajg^ eurre 
>cl<^y. In other-rwotds, when the voltage is zero the light ou%h^^ 
v''Md^wheh>th6''Voii%^ is. maximum the light output 'is^ '3®!^ 

output tp' be .truly cyoHein’'hattirfe 
^.JfOOjijcphehoihehTO ,Boeause'',of theeflfootidfai^rnatiii^ 
bulbs ' the"' ^tstrobosoopio ’ ei|daiu^;‘:a 
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The stroboscopic effect is reduced considerably in the split or com, 
pensated phases system because of the two phases overlappiiig and givin® 
far less voltage variation than in the single phase system. The curve in 
Kg. 5 shows the resultant intensity variation with a two phase system'and 
makes the reduced stroboscopic effect apparent. 

The manufacturers of the polyphase type claim that their system 
eliminates the stroboscopic effect. This is apparent by observing that the 
light pulsations practically level off to a straight line as indicated by the 
dotted line in Kg. 6. 

The resulting intensity variation of this system is now actually equivalent 
to an incandescent bulb operated on a single phase circuit. Practical fidd 
experience has shown that this variation is below the value discernible by the 
human eye. 

It is therefore evident that by eliminating the light variations, the 
stroboscopic effect is similarly eliminated and the possibility of hazard is 
reduced considerably, especially in connection with the hand-feeding of 
power-driven presses, shears, lathes and other moving machines. Also the 
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Fra. 5.— RESULTAOT INTENSITY Fig. C.-.-TBIE-INTENSITY CUBtrE , 
VARIATION WITH A TWO-PHASE ' SHOWING ELIMINATION OP 
FLUORESCENT LIGHTING STROBOSCOPIC EFFECT 
SYSTEM 

des%n of the reflector should be considered as it has a decided bearing oh 
whe&er or not the entire anti-stroboscopip effect of these systems is utilis^,J 
In most cases it may be desirable for psychobgioal reasons to reduce 
the flicker effect, although unnecessary to do so from the safety point of 
view. This is easily done by either of the following methods, (a) Ifathre®- 
phaae-electric supply is available, adjacent lighting points should be wired •, 
op different phases, so that when one lamp is momentarily out, two nearby 
. lamps are alight, (b) Electric discharge lamps may be used ib conjunetiosQ 
. trith tungsten filament gas-filled lamps. This method will reduce but h<^ ": 
, entirely eliminate the flicker effect, and it may at the same time be used tel: 

, eortept the colo^, of mwpiY discharge lamp imtaff \ , , ; I 

Thje life of : fluorescent lamps is Mueno^ fey“ many faetors-— not pn^^^ 
precision of manufacture, the circuit, the operating equipment, and line 
yoi^e, but . by opm'ating coipliticms. In geperai, of this knt bie " 
thefr .mefplness due to jfopredation b^iel Ihiey &ii tp bp^te,; ; 

, Ihuckenipg of the bulb occitts because (1) of the deteriorating ^fect of iperrap^ ; \ 
on thf fluorweplf iroafcing; and (fl) offmafeW, given bff bjr the «leefcrodea;;;i| 
jpniiAtoy specially cQptifibatcb.1o'dsrkePing'-at;the endsof thS bulb-; ' 

I'likte ,iP',’]ffe.'l, lHiet;,rate;’«f’deptoeiat|op'’ Ih^Mght.c^tpi^iflifflmi^^rp 
''^upoghopt 'life,;; thelfirstlOO, hours prodtt<»;aS.mub£;br more darhiefeipfe';<i||| 
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may be expected to be, under normal conditions, far better than for 

vacuum filament lamps. ^ ^ i , 

Frequent starting of lamps may take more life out of electrodes than long 
hours of burning because momentarily there is a higher than normal voltage 
drop at the electrode, which splutters off the active material. If a lamp is 
stained once a minute, the hours of burning will be shorter than normal, 
but if it is burned continuously its life will be longer than normal. When 
the active material on the electrodes is used up, the voltage required for 
gtaiiing and operating becomes too high and a lamp is then considered to 
have failed. Usually it may be expected to live much longer than standard 
filament lamps. 

The long length of these lamps has been found more practical because of 
lower lamp cost per foot and lower auxiliary cost per foot as well as because 
of higher efficiency. 

With the development of the fluorescent lamp, industry can now provide 
the foot-candles necessary for the critical seeing tasks which are part of 
to-day’s manufacturing processes. The limiting factor with high foot- 
candies in the past was the matter of heat. However, with the radiant 
heat from fluorescent lamps only one- quarter that of filament lamps for 
equal foot-candles, this factor is no longer a problem. 

Maximum advantage is being taken of this cool characteristic to place 
the lamp close to the workman. For example, an 80- watt unit mounted 
about thirty-six inches above the job will produce about 100 foot-candles 
over a relatively large area. 


CHAPTEEl SEVElfr 

INDUSTBIAL EEQUIREMENTS 

I NDUSTRY contains many hundreds of different operations in each 
of which there are certain essentials which define the workers’ needs. 
The operator must distinctly see certain features of the work in hand. 
Therefore Ulumination must be provided to ensure that these can be seen 
the best conditions. 

'A representative survey of some 120 industries has been taken with the 
object of explaining briefly where and in what manner operations need light. 
The recommended value of foot-candles is also given* The executive wifll 
among the operations listed a case closely parallel to any tash:;not, 
included, and from which the necessary lighting requirements can be 
;;jjidg©d. : , , , y ' 

\ Aeeoobaph (Pottery) : The lighting rhust be specially arra3:^^d tb 
penetrate ffito the booths and at the same time , the units must be suitib|e 
M use with the ftimes p^^ foot-candles.) : ; 

^ \ ^ : Work must go on at speed on all parts of tte 

at all points heed Hght sufecieptly weH jffiffused' ^ 
l^petra^ past and ayoid casting shadoW. Vertibol SW&hes 

;:^,pa^icularlyMppriant.' ''(15-30 v''" ^ 

: The nperatgr needs, to seO.the', riyefiing , he, js- d bihg 
the' frame, sKhdows.:’'- This'applies bn , all 

\|lCki5'footT^^ "r;. 

A;; IBni^^tihg) r .This oj^ationVe^ 
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defimte requirements can be stated, except that diffused Ikhtincr k ««„»n 

s’*” ” « 

seen at various angles without shadows. {12-20 foot-candles.l ^ 

(^tor) : As the engines move down the conveyor th 
wOTkers need to be able to see the parts they are dealing with ^ Go™ 
diffiised hghtog arranged with regard to the conveyor prevents shaS 
and reaches the interior best. (15l25 foot-candles.) ^ 

AssBMBny of Sjvr.^L Parts : Diffuse lighting is required on the benehe 
^t'cai^M^^^^ shadows are not east by the workers on thek work. (12-3 

Baking : Where articles are being taken out of ovens light is needed oi 

thi ■*'*"» " 

gla^ %onte should be used to reduce cleaning. (10-15 foot-candles.) 

Sandeb : The finish of the work can best be seen by light reflectei 
lUununated matt surface beyond it. Visor glass fronte should h 

is required on the vertical surface of the good, 
{^10 foS^cMcUes* found and labels read without difELcalty 

: Sewing (father) : The light is needed on the needle and on th. 

foo^^i^es^}^^ operator can see where he is guiding it. (IMl 

BnoCK Moxiintino : The circular saw and other mountino' ooeration' 
need good illumination at bench level. (15-20 foot-candles ) ° ^ 

iiglit sliould be on the front of tfat 
machine so that the cloth can be kept straight and not wrinkle as it is passed 
ov«^ Enclosed fitMngs should be used. (8-12 foot-candlS ) ^ 

i^OT^M ScoGBiNQ (Leather) : The operator needs to see the sole of the 

touching it. THierq must he no shadow 

1 “" 

,! ,5^bt is wanted op the hearth and aaiToundings in sufficient 
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to the moulds to check theii* filling. Adequate illumination is needed on 
the surroundings for their handling. (10-15 foot-candles.) 

Castihg Stereos : Light is needed on to the top of the apparatus where 
the metal is poured, and down into it when it is open for inserting the Song 
and remoymg the stereo. (10-15 foot-candles.) 

CkASSis Rivetiis'O : The operator needs to see the riveting he is doing 
round the frame without shadows. This applies on all sides of the frame. 
(10-15 foot-candles.) 

Chocolate Coatistg : The operator needs to see the top and sides of 
the cakes, as they are being covered and the light must reach all round them, 
(10-15 foot-canclles.) 

CmciTLAR Saw : Light is requii*ed on the table so that markings can be 
seen and so that no shadowvS are thrown by the saw-blade. Visor glass 
fronts should be fitted. (10-15 foot-candles.) 

Clicking (Leather) : Diffuse lighting specialiy arranged to enable the 
quality and variations in the leather to be distinguished and at the same 
time penetrate sufficiently under the arm of the machine to enable the 
operator to see where he is setting it. 

Closing (Leather) : Light is needed at the needle point without shadow 
so that operator can see Just where she is ’working. Supplementary lighting 
is recommended. (20-50 foot-candles.) 

Clothing : Good lighting is wanted at the needle and care must be 
taken that no shadows are tlnown by the machine or the operator. (20-35 
foot-candles. Sometimes higher with dark materials.) 

Coal Picking : To see the varied coal on the conveyors the light needs 
to he correct in colour and sufficient to show up the dark-coloured materials. 
Daylight visor glass fronts or electric discharge mth clear visors should be 
used. (15-25 foot-candles.) 

Cold Biveting : Light is wanted on the work as it is held over the fixed 
head so that the worker can see the rivet heads clearly. (8-12 foot-candles.) 

.Collar Machine (Laundry) : The important point to watch in this 
operation is the feed beWeen the two wheels where the collars are inserted, 
The light should reach this position from the side where the operator stands. 
(10-15 foot-candles.) 

^ Copper Plating : Light is needed over the top of the bath and on the 
vertical surfaces of the stereos when they are lifted up. Porcelain well 
glass fittings should be used as a protection against fumes. (10-15 foot- 
eandles.) . 

. Cutting Out (Clothing) : The cutter needs a good^ well-diffused illumiiia* 
4iqn free from shadow on the surface of the material so as to follow the 
marking. The shears should not throw a shadow. (15-25 foot-candles.y ; 

; ^ DricoRATiNG (Pottery) : The artist requires the light on the surface of 
the article oh which he is worlmg and, if he is using colour, he requires light , 
wifich iwiU enable him to distinguish the different shades. jEEs hand and 
bru^h Should not throw shadows. (15-30 foot-candies.) i 

: - pkeiGNEE (Pottery) The designer heeds good dMused lighting hii , ' 
which ^ hbf throw shadows from his hand or peneil«r*also - 
to be^le to see the detail o| the articles fo which he fahs to refer. 

iPotteryi : ' ' light' is, ^needed; not ;'offiy oyer .gpierhl ^ 
but; especially’ 'to , penetrate;,, the 

ofrthe where, tbejT/are^plaee^ 
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Drill (Woodwork) : Light is required on the work where the drill is to 
be aipplied so that no shadow is thrown by the drill. (10-16 foot-oan(Ue8,j 
Deilung (Metal) ; The worker needs to see where the drill is to entei’ 
and to watch it as it is fed in. (12-20 foot-candles.) ; : s t 

Dyeing ; Light is, of course, needed on the material wkere, for examj^e 
, it is passing in and out of the vats to ensure easy and safe handling. POrse.; ‘ 
Iain well gfiss fittings are recommended. In certain operaticms there is ned " 
for colour-corrected light. (8-12 foot-candles!) 

Electeio Welding : Light on work where it is held between the elw-, 
trodes with no shadow towards the operator. Eemember the work oah lie 
held at various angles. (10-15 foot-candles.) 

Examination : The light on the articles being examined must be suitable ' 
to distinguish detail. The colour of the article sometimes needs a high . 
illumination and the colour of the background must be suitable to avoid . 
too great a contrast. (15-25 foot-candles.) \ 

Eyelettino (Leather) : The light must reach the tool face of 
machirie without throwing shadows on the work or the tool. This means it 
must come from the sides. (16-26 foot-candles.) ' 

Tilling Sagqabs (Pottery) : There must be light inmde the saggar ^ 
that the woikers can insert the articles mthout fear of damage. (S-12 fonb ' 
'■'candles.’) ■'■ ,’■■ ■"! ’ ■ ■' 

: , Light is 'needed i^dar bl^e su|eratrueture so that 
; operator can watch the filfing of the tarte *^ :they are moved alpng. (10-J2; 
//fodt-caadles.}','' ' » < ’ , , 

ELA.i DBAWiNG.(61a®) : ^ the glass is the sheet nee^ to be seep: 
without annoying reflections fixm mmps overhead. (StIST f6ot-oattdles<}: ' 

• Ebetsaw : light is wanted cm the table so that markings can be foUow^ 

. easfly without the blade throwing confiismg shadows, visor glass feoriis 
are recommended. (10-15 foot-candles.) ' - ■ 

<*ALVANiziNa i The operator must wfateh the articles careMly as 
. go jn and out of the tank. The lighting is needed to avoid shadows' iand 
shouldi be arranged aeeOrding to the layout of the tanks. Porcelain w®l| 

; gl& fitting should be used. (8-12 foot-candles.) ' ; ' ! 

, GAThEtoG 'The Metal (Glass).’. The yvorker n^ds to be;able,tO wafi 
//the metsd imd to foflow;itema^ wmoiit high lights reflectiri| i» i(^ 
i kfirface., Ge^ Tisecfed owing to the contracts inyolvedi 

!^^(l<Kl,5 foot'-candtos.)' '' ‘ /'/ / • ''z ' X 

''X;.' ; Gla^'Betbi^g :';13ie%hti8're«piiredon'GieBd^:'.of%e..wki^'ti'h^ 

' %e weak is held Md it shopld b© at such an angle' thet r^edtibjB in,ibe 
avowed' to '|reach the ojwrator, _';(16X2I6' fOotican^es.)',', /' '• . 

•; jX/X; Gwe,' pEis^i^ 'i , ''The gatkefer ' pours the' metal.’ into' the ' mould, 

and ^gener^ .light is.rieeded'to/avoid 
'’//^Hkn.'hOt'.gla^., 'X^lOfoot-eandles;).'; ’’?Xv 

X ; It ;is’ neces^ry' 'to.^,s^ ;on^ i)olh'',i5S3os; 

" ht ''i^bul^' the; sheets to. he phtoed;.^' 

«ily./ ■ *'(l0~l6 foc?t-oaadl««.j' '-/v ■' 'V.'. . i, ? - '-C X'! Jr- 
IX !&b2ity to see.wlui TOdSr'.the'faXis of iha'.’i 

) ’.'that;, w Of -pa|mr sqtta^' thhl’etbp 

than the aotin«d..'bis^''’ 








X'jtlohd 'iiwhfiwiibh 
ron it’lfe the w6r^'or;,by.hi^_iMm 





AIRCKAFT 
( 15-30 foot-caiKJJos ; 

.vtc }>cig(‘ -!;■)) 



MOTOK-OAK 

ASSEMBLY 

LINE 

{ 1 0^25 foot-eaiidies : 
see page 46) 





A BELT-SANDER 
AT WORK 

(.sw page 46) 


ELECTRIC 

WELDIKG 

{ 10-15 font-candles : 
see page 48) 


DRII.LTNr: 

IN 

WOODWORK 

(10-15 foot-candles : 
see page 48) 






CUTTi^a *METAL 
WITH A 
OCILLOTIXE 

( [0-15 foot -Candles : 
see paa;e 4-8) 


A AIETAL TlHi.VEH 
AT HIS LATHE 

( 1 5-20 foot-caudJes ; 
see page 49) 


0\'EX CONTROL 
AT A 
BAKERY 

{}o-15 foot-candles ? 
see page 40) 






P LATE .M AKIN a 
AT A 
POTTERY 


(1(kI 5 foot-candles : 
see page 50) 


(12-20 foot-candles : 
Bee page 50) 


POLISHING 
METAL 
AT AN 

ENGINEERING 

WORKS 





SPINMNG 
AT AN 

ENGINEERING 

WORKS 

(15-30 foot-candles : 
>scr page 5 1 ) 


STEEL ROLLING 
AT A 

STEEL-MILL 
(8-12 foot-candles : 
see page 51) 


SPRAYING 

WOODWORK 

(15“25 foot -candles : 
see page 51) 



IX THE 
TOOL-tSHOP 

( 2< ^50 f< n » t -mi 1 cl le.s : 

52) 




WORKING IK 
MARVER 
IN A 

GLASSAVORKS 

( I O-i 5 foot-candfes : 
page 52) 


WEAVING 
IN A 

rOlTON-MILL 
(T5*2o foot-eandles : 
see page 52) 




UJDXTSTEIAX EEQUIBEMEKTS 


4n 


Heat and Pkesstibe Otens (Glass) : light is required all round the 
crate as it is fed in for heat and pressure treatment. The gauges on the 
j apiKiratus also need to be seen. (8-12 foot-candles.) 

ttptct. Pabing (Leather) : The operator needs to see right down to the 
point where the tool is working on the side of the heel to watch just how 
much is being taken off. (16-25 foot-candles.) 

IdNQ ; Good illumination on top and all round the cake is 

needed, especially where fine work such as this is done. The operator 
should not cast shadou's. (15-25 foot-candles.) 

Inspection (Woodwork) ; Good diifuse illumination is required with an 
absence of shadow so that all parts can bo seen clearly. (15-20 foot- 


candles.) 

Ikoning : Diffuse lighting over the table will enable the operator to 
watch the work without being troubled by shadows east by the iron itself. 
Artificial daylight is recommended for quicker detection of scorches. (15-25 
foot-candles.) 

Lasting (Leather) : This rather complicated machine requires the 
li ghting units carefully placed so that the light reaches the work without 
difficult shadows being thrown on it by any apparatus. (15-25 foot-candles.) 

Latex DrppiHa (Rubber) : There must be light to enable the articles 
to be inserted carefully, not against the side of the vat, and for the surface 
oHhe liquid to be kept clean. (10-16 foot-candles.) 

Lathe (Engineering) : The operator has to watch the work as he feeds 
the tool. The light is also needed on the face of the chuck without causing 
reflect^ glare or shadow from the worker. (16-20 foot-candles.) 

Ianotype: Lightii^ is required on the operator’s copy and on the 
keyboard. It is also needed where the matrices are delivered to enable 
him to justify it before casting. (20-25 foot-candles.) 

^ Iaiading Kiln Tbtjoks (Pottery) : General illumination is requiied all 
roimd the tracks as the saggars are piled up m them so that ii is easy to soo 
they are placed securely. (6-10 foot-candOles.) 

Loom : The operator is tracing a broken end and she needs to see in 
among a great many otetruotions. It is only by very good diffusion and 


, suitable contrasts that she can have sufficient visibility to do this readily. 
(20-35 foot-candles.) 

Loom Wabping : Light is required down each alley to enable the ends 
. to be drawn in correctly and to be found easily when a break occurs. (12-20 
foot-candles.) 

Mending (Wool) : Light is needed on the cloth, first to find the point 
needing repair, and then to do the sewing. If the cloth is dark there is need 
for hi^er values of illumination. (20-^ foot-candles.) 

^ Mdong (Pood) : Preparation of the mixture requires a diffused light 
stdiieh wiE not only avoid shadows on the tables, but will also penetrate 
iwffi inside the bowls. (10-12 foot-candles.) 

Mono-Cabtbs : Good diffused lighting is required in this departmmit to 
i^blo the controls to be seen, the type to be watched as produced and the 
[ mltiices to be changed as reqnixed. (15-26 foot-candles.) ‘ ' 

Monotxpb Kbtboasd : light is needed prinoipaEy. on the ocqE>y, hat 
‘also, of course, on the keyboard. The operator’s shadow mpi liot be eaib f 
tbase parte. (15-25 foot-candles.) ‘ j- a, ^ 

Pf 'MtnuB (Wool) : Lmht is needed for (^dcat^r 

’Mepi mm and to bo able to find iffiem when they 
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Orbeb Ghabts (Food) : Light is needed on the vertical surface of 
charts such as these to enable the worker to find the items easily* (10-.2{j 
foot-candles.) 

Oven Contbol (Food) : All tho array of controls and dials over 
vertical surface need to be clearly illuminated and light should penetratf^ 
the inspection chamber. (10-15 foot-candles.) 

Packing : A good general light free from shadows enabling the packei 
to handle articles and wrapping paper without waste or fear of dauiaso 
(8-12 foot-candles.) 

Pafeb Pulbing : General lighting which avoids throwing shadows from 
the machine and liglits up the apeiliure into which material is fed. ((j-ly 
foot-candles.) 

Papee Rolling : The light Is wanted between the banks of roUeis 
that the operator can watch the material passing through. Light should 
come from the sides of the machine, not from the ends where it would throw 
shadows. Supplementary lighting is generally necessary. (10-15 foot- 
candles.) 

Pbbohing (Wool) Often it is an advantage in showing up faults to 
light from behind the cloth, in which case the light source should appear as 
even as possible across the width of it. Light is wanted on the vertical 
surface of the cloth as it is examined. 

Pill Wrapping : Light is wanted on the tongue of the machine inhere 
the paper is folded round the pill. (10-15 foot-candles.) 

R.ANING (Engineering) : light is needed on the work where the tool h 
travelling without throwing a shadow fi‘oin it. (15-20 foot-candles.) 

Plate-haeing (Pottery) : Light is required evenly on the whole whet‘1 
so that no shadows are cast and the operator can readily see how the cky 
is forming. (10-15 foot-candles.) 

Platen Press : Light is needed for the operator to see clearly as he 
feeds the sheets into the press and removes them. He needs to see to place 
thorn correctly and to watch the printing. (15-25 foot-candles.) 

Plating : The workers need to be able to see into the vats and baths 
and the light should penetrate these. The lighting fittings should be 
suitable to resist the fumes. (8-12 foot-candies.) 

Polishing (En^eering) ; Light is wanted on spindle end and mop 
especially where it is nearest the operator — ^also on the work as it is with- 
drawn to see the effect. Enclosed type fittings are recommended on account 
of the dirt. (12-20 foot-candles.) 

Pottery Printing : The operator needs light on his press under the 
cylinder and on tho benches where the actual goods are handled. (10-15 
foot-candles.) 

Press (Engineermg) : The light is w^anted right inside the press whers 
the blank is placed in position, and it should, as far as possible, be free from 
reflected glare. Usually supplementary lighting has to be employed, (10* 
15 foot-caudles.) 

Ptoss (Printing) : On the various types of presses the minders nec4 
illummation to watch the sheets as they come off the machines for 
inking, register, etc. Light is also needed on the various controls and on ^ 
type for adjustment. (15-25 foot-eandles.) 

PBassRS (Laundiy) : It is neoessary for the light to reach the low«i| 
part of the press, avoiding both the raised upper portion and the oparatpip 
so that no shadovm impede the working. (12-0) fooircandles.) ^ 

Pbooiss ENGBavmG: For this fine work good levels of illuminatiim/ 
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neccasarv and at the same time shadow must be avoided from the operator’s 
tend, and bright spots focused by his glass should not be present. (26-50 

^Pko^ 6 : T.ight is needed on the bed where type or blocks are placed 
md for the operator to examine the result. (1 5-25 foot-candles.) 

EmG Spi^ng (Cotton) ; The operator needs to watch for broken ends 
all alonff both sides of the gate and the light needs to be arranged not to 
throw shadows besides showing up clearly all the threads, and to reach well 
down to the cops. (20-30 foot-candles ) 

Roving (Cotton) : The light needs to penetrate into the machine so 
that the operator can see to find and mend any broken ends. (12-20 foot- 
randies ) 

Sa 5 I>-papebi 3 SO BY Hand : Good diffused lighting is needed to see tho 
\rork from various angles, but the results can best be seen against an illu- 
minated malt white surface. Visor glass fronts should be used. (10-20 


foot-candles ) 

ScotfBiKG (Pottery) : Light is wanted on the bench so that the operator 
can readily handle the piles of articles to be dealt with and can see clearly 
the finish obtained on each piece. (10-15 foot-candles ) 

SnuBBiNQ (Cotton) : Light is required over the tops of the naachines 
Tihere tho operators have to watch the operation and to penetrate to the 
bobbins below. (15-25 foot-candles ) 

Soap Cutting : Even light is needed over the table as the soap is moved 
about and cut. (8-12 foot-candles.) 

Soap Wbapping : The light is needed along the bench on both sides of 
the conveyor so that no shadows are thrown by workers, goods, or by the 
overhead rack. (10-12 foot-candles.) 

Role Attaching : It is necessary to be able to see clearly the position 
# of the tool and the light must clear the actual operators and apparatus. 
(15-25 foot-candles.) 

Sorting (Laundry) : Light is required both to enable the operator to 
see the marking and to see into the shelves or racks where the articles are 
placed. It should be diffused sufhciently to avoid shadows and undue 
reflections, (15-25 foot-candles.) 

Sorting (Paper) : Good lighting of a diffused character is necessary to 
enable the surface of the sheets to be distinguished easily and quickly, and 
to avoid reflected glare. (15-25 foot-candles.) 

Spinning (Engineering) : The spinner needs to see the metal on the 
chuck fairly low down where he is working it, but without reflected glare. 
(15-20 foot-candles.) 

Spraying (Woodwork) : Light is wanted on the turntable and should 
be arranged so that no shadow is thrown by the operator. Protected 
fittings should be used. (15-26 foot-candles.) 

Staining (Woodwork) : Diffused lighting to avoid areas beii^ over- 
shadowed and best visibility is obtained by means of controlled refiectioi^ 
which reveal coverage, (1^20 foot-candles.) 

Stebl Eolxing : light is required to clear overhanging struotoes to 
ensure safety when the hot billets are being handled. (8-12 foot-csa©dfee.) 

Stereo FjosTSHiNra : A good value of iffumination is wcessaiy m Itie 
^ne to enable the operator to see the necessary detail 
f Ibot^caaiJidlesd / ; 

8T03aAGE Backs (Food) : The light is to 

tadi dWff up the vertical few of the 
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Stores (Woodwork) : The high stacks of wood -cause obstruction and 
shadow unless the lighting is arranged to light between them. (5-10 foot^ 
candles.) 

Testing (Rubber) : Testing by inflation requires light along the bench 
to enable easy handling of the goods and to keep the benches clean. - {8'-12 
foot-candles.) 

Testing Piston Heads : For the careful measurement necessary there 
must be light on the parts being examined and on the dials of instrumeiits. 
Micrometer testing requires further special consideration of the lighting. 
(15-25 foot-candies.) 

Tool Shop : The tool shop is a vital part of a works to-day, and good 
lighting is essential to enable the necessary high degree of accuracy to be 
maintained. (20-50 foot-candles.) 

Transfer (Pottery) : It is necessary first to see clearly to cut out the 
transfers from the sheet and then to be able to set them accurately in posi- 
tion. (12-20 foot-candles.) 

Type-setting by Hand : Light is needed well diffused over the cases 
sothat the type-setter can see his copy and the type, and can see to justify 
it afterwards, (20-50 foot-candles.) 

Upholstery (Motor) : The inside of the car needs to be iUuminated to, 
enable the worker to see the detail of the work he is handling. (15-25 foot* 
candles.) 

Vats (Soap) : The operator needs some light over the top of the vat to 
see the state of the liquid and on the controls at the side. Enclosed fittings 
should be used. (8-12 foot-candles.) 

Warehoosb (Glass) : Light must penetrate into the racks where gla^ 
is stacked and is needed well diffused over the tables where it is cut or, as 
shown here, examined for accurate bending. (8-15 foot-candles.) 

Warehouse (Pottery) : The stacks of articles on the floor and in raeb 
require the light distributed evenly over the horizontal plane as operatiYos 
sit promiscuously. The floor is the working level. (8-12 foot-candles.) 

Warping (Wool) ; The operator needs to watch for broken ends so that 
a good diffused light is needed to enable them to be traced and joined. 
(15-25 foot-candles.) ' > 

Warping Feahe (Cotton) : The back of the frame shown here ne^ 
good diffused lighting to enable the ends to be picked out and the macMiie 
to be set up expeditiously. (12-20 foot-eandles.) , , ' 

Weaving (Cotton) : "Good diffused lighting is required over the front 
ahd back of the machine to enable the operator to see and repair brokai, 


ends. (15^25 foot-candles.) 

(Food) : The operator needs to watch the materia^ e ^ 
putting on the scales and the dial must be clearly illuminated so tha^t 
be read acctirately ^'tid quicMy. . (10-15 foot-candles,) : ' 

, ; ; Wool Combing (French Process) ; The operator needs to see afl 
! fe^s and the wpol as it passes through the maehine, and particularly 
^‘‘last,part,of its journey. {I0r?0 foot-candles.) i; ‘ \ 

’‘*WQ 0 L CtOTTNG The operator 'needs to, see where the cloth 'is.cpihtt, 
, ‘ ' ‘throu^ih the msLchine and from where he 'stahds:‘there should' nofcbe shsd^ 
: ;bhih' Visar:gH^ fron^ are recommended;; fpot-cimdles'.); 

/' . “iyoEktNG IN Marver ,:{Glaa») The,, worker needs 'to bp, able to, 

','V ft 'grows 'to he©' that it is'fitting 

‘the benches- to- enabhr ty 
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to be wrapped without awkward shadows and the stacks of packages should 
not obscure the light. (10-15 foot-candles.) ,, , , 

Wbapping akd Boxing : The light is required on the benches with no 
shadows from either operatives or the stacks of boxed articles. (10-15 
foot-candles.) 


CHAPTER EIGHT 

DESIGN OP LIGHTING INSTALLATIONS 

L ighting installations must be scientifically planned if the best 
results for money spent are to be obtained. • Factory Department 
J requirements are much higher than they were formerly, and old 
standards of design must be consigned to oblivion. Modern methods of design 
accurately predict the effect produced by any given combination of lamps 
and fittings. The selection and spacing of lighting units, the coefidcient of 
utilfeation, depreciation and other factors which influence the result must 
be handled with scientific care. Rule-of-thumb methods have been dis- 
carded. Accurate data is now available in the form of charts and tables 
by which the illummation of any industrial interior may be quioMy calcu- 
lated with the sure knowledge that results will be effective. 

. The fundamental considerations in laying out an installation are : 

L Foot-candle illummation required on the working plane. See Appen- 
dices, pages 103 to 109. 

2. Selection pf type of lighting unit most suitable for the Industry 
concerned. 

’ 3, Deciding layout of points, mounting height and number of lighting 

units. * ' . 

4. Ascertaining the lamp size which will provide the foot-candle intensity 
required. 

L Foot-candle iUummation required: 

The amount of illumination and the various factors mfluencing this haya 
/ been dealt with in previous chapters and the table on pages 103 to 109, gives 
the range of illumination values that are considered desirable for different 
classy of work. These values are based upon practice established through 
, y^rs of experience. . 

Persons of advanced years or with defective , eyesight require more fight 
; d.d those having perfect vision. A range of foot-candlo values iie given 
w .#ch group of operations ; in modern practice it will usually, be found 
dashibte to ^elec^ values in of even beyond the utpper portion the 

IB recognized that any specified process when carrigd oh in different-, 
is .performed with dlffprpnt degree of fineness, 
fvWiaifioiB' ; so that one factory may, m mc«rh jODhimmaiioh than another 

:;&f, 'the.itoe/ch^s of^work. ' .In the table'ji;fang^;Of fpot-^ndIe;v4ueS'i^ 
;;i^ifeh/|o''ODiTesp^d to’'the TOrihtipns',aptmdly:e^:fein|,m ~ 

is'dfswnto„the^ valneS'ih^thh%iMe^h^-.^^ V, 
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some of its initial eSciency in service owing to the deterioration of reflecting 
properties of fittings, wafis and celling, and to dirt on the lamps. When 
planning a lighting system it is therefore necessary to make some allowance 
for these facts, and since it is reasonable to expect the efficiency of the original 
installation to fall some 30 per cent, in service it should be designed so as to 
provide initially an illumination 1 43 times a,s much as the amount required 
in service. This factor does not make allowance for insufficient cleaning by 
the maintenance staff. 

Where the higher levels are specified for particular processes such illu- 
mination need not be supplied for aU parts of a workshop, nor on all parts of 
a machine, but only at places where work of the type indicated is likely to 
be performed. Thus, in a workshop, a general illumination providing the 
value specified for passageways or storage spaces might be supplemented 
at proper positions by higher illumniation specified for work of different 
degrees of fineness in the table. The high illummation may be required 
over small areas only, as in watchmaking and machine sewing, or over wide 
areas. s 

In practice, the lower values required in the workshop will often be 
considerably exceeded in order to conveniently provide for the higher 
values. This is fortunate since it avoids the possibility of having extreme 
contrasts between the actual working area and the surroundings. 

It may be difficult to obtain the exact iUumination aimed at owing to 
the fact that lamps are only obtainable in certain standard sizes. 

2, Choosing the lighting tmit : 

The second step in the design of interior lighting installations is to choose 
the most suitable type of fitting. The selection of the most desirable type 
of unit depends not only upon the reqiiiremcnts of the work, but m some 
cases upon the construction of the room and the colour of ceiling and walls. 
For example, semi- and totally indii*eet lighting is unsuited to rooms with 
very dark ceilings. But the final choice will probably depend on a com- 
promise, giving due weight to the effects of glare, shadow, distribution 
and dijfeion desked from, and possessed by, the fitting iix question. The 
Index of Beflector Types shown on page 57 gives the principal types of 
fittings used in industry, together with the notes as to their suitability for 
different conditions. This is the result of many years of practical ex- 
perience. They are classified in accordance with the way in which they 
control the light. 

Industrial general lighting is usually of the direct-lighting small-area 
type. This can be defined as a lighting system in which practically all 
(90 to 100 per cent.) of the light of the fittings is directed in angles below 
the horizontal, i.e., directly towards the usual working areas. While, in 
general, such systems provide illumination on the workers’ surfaces most 
efficiently, tlns^may be at the expense of other factors, such as excessiye 
contrasts of the light source with the surroundings, troublesome shadows, 
and reflected glare. Care should be taken to instal the equipment to avoid 
exposing the rrorkers’ eyes to the glare from brilliant lamps, filaments or 
excessive contrasts betw*eeh the lighfi source and its background. 

There are t||o different types of equipment utaaliy classified under, 
tins headmg'T-disliributing types tod concentrating types. The distribhti^ 
types Qtxe units such as porceMn-enamelled reflectors, porcelam-enamelied 
diffuses, alummiijm, mirrored or inismatic-glass mdust^^ As 

the name implies, these units distribute the light over a wide area and 



55 

DESION of UGHTlSrO INSTAIIATIONS 

promd« unlfom Ulmntotion rat-off 

S'^a'‘S‘*t£T5tgSS iota tho iorirantol «.d . somowhot taer 

rored glass and alanumum industn^ ®^Jltarv to moimt the reflector at a 
high bays and craneways where it ^ “5^4 iiSiiated. In 

h^ht as great or greater than the mdth of ^e a^a to oe^mu ^ 

this case a concentrated beano, is n y should be such 

Isstisiasis 

are^ as A to 60 per cent, of the output is 

refleS"downwards rifers to 

tiSe S are of tirglTss diffusing enclosing-globe type and are used 

the lamp insiue , tney “ ^lionld he of good mecharucal construction 
to^cmp the^ dobe securely without chance of breakage. I!^e a g®^^ 

:sl” Oth« Ur, bera. 


nearlT horizontal angles, downwards, resulting m a consiaeraDie 
litab^tion in smaller bfflces and lessened direct gtoe m large offices. 

■With semi-indirect lighting more than half the Ught is direct^ 
ceil^ md upper walls, lorn which it is reflected di^sety to 
room^ Because the ceiling constitutes an important part of such a lighting 
SSSn SntSn must he paid to having it ^ light m odour ^ 

^ihle and to maintaining it in good condition. Fitte^ d 
fydlable in compleMy enclosed styles, which prevent the oollecti^ ,of dust 

present a lower-hiightiie^ to the eye ^d 
to;?^XtSftheSaTdiffJL^u^^^ and in ,diis f<H|n tliey nre mtne, 

fld to 100 csni;<ff-the 
^%e'(!i^g>and^'u^; 
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diffusely to all parts of the workshop. In effect, the entire ceiling and high 
walls become a light source. With such a large area serving as a source of 
light little direct glare is experienced. Shadows are almost eliminated and 
reflected glare reduced. With many polished metal pieces, a maximum 
visibility is obtained of such things as ruled lines, figures, blemishes, which 
are seen against a polished background. However, because the ceiling 
constitutes an important part of such a light system, careful attention must 
be paid to having it as light in colour as possible and maintaining it in good 
condition. It should be given a matt white finish having a high reflection 
factor. Eecently there have been developed specially coSigurated ceilings, 
semi-matt finished, that are designed to |)resent reduced brightness at the 
angles at which they are normally seen. The lighting unit, w^hich may 
have either opaque or luminous bottoms, should be such that they can easily 
be cleaned because a layer of dust and diit forms and this absorbs a sur- 
prising amount of light. 

Indirect lighting produces a quality of lighting best for offices. This 
quality of lighting is highly desirable for such visual jobs as are found in 
drawing offices, general and private offices. 

Large-area sources of uniform brightness approximate indirect lighting 
in effect. One measure of the quality of lighting which a given source will 
produce is the angle subtended by the source of the point of work. With 
three-dimensional work jobs, particularly of a specular or semi-specular 
nature, this factor is of much importance. The most common large-area 
source is an indirect lighting system. However, there are many places in 
industry where indirect lighting is impracticable ; for such cases there are 
available tj^pes of units which produce somewhat the same lighting effect. 
They consist of large luminous areas, placed relatively close to the point of 
work. In this way the subtended angle is of the same order of magnitude 
as a eefling Kghted with indirect fittings. For many positions throughout 
the actual w^orkmg areas, such large-area sources are recommended. They 
are also effective in some offices. 

For severe visual tasks which require more fllumination than can be 
supplied practically from the general lighting system, there are available a 
number of speciaEy designed fittings which supplement the general lighting 
over a Kmited area. Such fittings usually have a highly concentrated dis- 
Mbution of light and are carefully designed to prevent glare. In this way 
the light is confined to the immediate work area and does not become a 
source of glare to anyone in the room. Where a diffusing source of low 
brightness is needed, a large-area, low-brightness unit can be placed directly 
over the work zone. 

Local lighting fittings when concentrated should preferably be mounted 
at some distance froin the point of work. In this way they cannot easily 
get out of adjustment, they are not in. the way of the yrorkmap, and do not 
present, a heat problem. However, in cases where a certain degree of adjust- 
ment is d^irable, fittings are mounted on flexible ams for manipulation by 
the workman to obtam the maxnnum advantage, 

' 8. Mounting height and'%^a,cing t ^ ‘ 


After the type of fitting mosfj suited to th^^ earned bn in a par- 
ticular shop has been settled, the next .^ps are to decide hdght, 

V spacing and position of points. diagrams shown op tho: 

following pages provide simple and metlM^c& of^^Caloulation 

T;' hy Me^s. CkomptonParhm^ ^ ‘ 
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Type of Reflector, 

Purpose. 

Height Spacing 
ratio. 

Mounting 

height. 

spacing. 

Disfeesive 

Fulfils the requirements of the 
majority of industrial situa- 
tions, providingadequateillu- 
mination in both horizontal 
and vertical planes . 

1 

n 

CONCENTBATING . 

For lofty buildings, or where 
concentrated illiimination on 
the horizontal plane is de- 
sirable. Particularly suitable 
for mounting above overhead 
cranes, in combination mth 
angle reflectors 

1 

1 

Vertical Eluf- 

TICAL 

For any situation where a wide 
distribution is necessary in 
one plane such as stores, 
gangways, workshop 
benches, etc. . 

1 

If 

Angle Eluftical 

For similar situations as the 
parabolic type, but where 
wide spacings and shorter 
throws are required . . • 

1 

If 

Diffuser . 

For the general lighting of 
workshops whei'e fine or in- 
tricate work is performed 
calling for soft diffused light- 
ing. Also for works offices 
and di’awing offices which 
have no effective ceilings . 

1 

H 

Local 

For local lighting of machine 
tools, etc., where high in- 
tensities are needed at the 
point of work. The deep 
skirt protects the operator’s 
eyes from glare . 



PababohoAngM! 

For the iHumination of vertical 
faces and for side lighting in 
workshops, etc., either alone - 
or in combination with ver- 
tical type reflectors . . 

1 

' t' y 

' DlSTimUTENQ"' ■ . ^ 

For area lightmg employing 
idde and whero 

‘ illiuniimtioii IS requir^ at 
. a xbiaximimi hei^t in the 
' , vertical, pla:^e,; , , ■ , ' '■ ■ 

■ •* 

y:'2. 
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R.L.M. Dispersive Reelectob 
T emperature of cables co33forms with I.E.E. regulations. 
A. Area per point in square feet, 

H. Height above plane of work in feet. 

S. Spacing in feet. 
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UGHT DISTMBUTION 

R.L.M. dispersive reflectors are made in accordance with British Standard 
Specification No. 232, which, inter alia, covers the angle of cut-off and 
efficient light distribution. The optical contour is a combination of concave 
and cylinMcal reflecting surfaces forming a widely dispersive reflector. 

The main distribution of light is obtained up to 65 degrees from the 
vertical. View of filament is cut off at 70 degrees. The maximma light 
intensities are obtained from the vertical up to 45 degrees. Uniform illu- 
mination is thus obtained with a spacing of one and a half times the height 
of lamp filament above the plane of work. 



Fig. S—DISTRIBUTION CtF LIGHT WITH 
DKPERSroS REFLECTORS 


Example 

Given (A) : The illumination required in foot-oandlra— -12. 

Given (B) : The available height from floor to ceiling— 12 ft. 

(1) Take the height of plane of work (say 3 feet) plus height of fitting 
(say 1 foot) from height, floor to ceiling, e.g. 12 feet — 4 feet = 8 feet, being 
height of lamp above plane of work (H). 

(2) Knd height above plane, 8 feet, under H in the centre of triangle. 

! (3) Trace horizontal line to right when the spacing 12 feet is found at 
the ed^ of triangle. 

(4) Confeuing along to the table on right till 12 foot^oandles k found. 

(5) Look up to head of column where lamp wattage 200 and refiector 

diameter 16 inches is given. , 

(6) If required the area per point 144 square feet is found on left of 
triangle. ■. ■' ' < 
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CoJhCENTEATING Eefleotob 

A. Area per point in feet. 

H. Height above plane of work in feet. 
S. Spacing in feet. 



- MAIN WORKING LIGHT 

Tio- S.^CONCENTRATING BEPLECTOE 
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LIGHT DISTEIBtTTION 

^ In the Concentrating Eeflector the optical contour of the reflecting 
surface is designed in the form of a deep parabola, the axis being vertical 
and coinciding with the centre of the light source. The main distribution 
of light is obtained up to 45 degrees j&om the vertical. View of the filament 
is cut off at 60 degrees. The maximum light intensities are obtained from 
the vertical up to 25 degrees. Uniform illumination is thus obtained with 
a spacing equal to the height of lamp filament above plane of work. 



Fig. 10.— DISTEIBUTION OF LIGHT WITH 
CO^^CENTEATING EEFLECTORS 


ViBTiCAL Elliptical Ebfleotoes 

APPLICATION 

Spacing along an area one and two-third times the height above the 
plane of work, vertical elliptical reflectors are used for adequate illumination 
in positions where the area to be lighted is long in proportion to its width. 
They are ideal for lighting gangways between warehouse bins, and benches 
placed along walls which cannot be economically lighted with oironlar 
dispersive reflectors. 


DIAGRAH OF SPACING 
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Vertical Elliptical Bbflectoes 

LIGHT DISTEIBXTTIOR 


The angle of cut-off through the major axis of the fitting is 63 degrees 
from the vertical, while that across the fitting is 44 degrees. These figures 
are considerably better than the 70 degrees cut-off recommended by the 



Fig. 12.—LATITUDIN;AL SPACma OF VEBTICAL 
ELLIPTICAL RIFLECTOBS 


Factory Department, and therefore the unit is admirably suited to such 
positions as bench lighting, where the lighting fittings are dose to the 
workers. The ratio of the length to the “viidth of the area lighted by one 
fitting is to 1, while the spacing along the area is If times height above 
plane of work. 

Akgle Elliptical Ebplectoes 4 

LIGHT mSTRIBTTTIOK 

Elliptical Angle Eeflectors are designed to project the light forward in 
the vertical plane and at the same time spread it laterally to increase the 
permissible spacing for uniform filumination. The main distribution 
through minor axis— all angles being measured from the vertical— is from 
5 degrees behind the reflector to 75 degrees in front, the maximum light 
intensities being from 25 degrees to 65 degrees in front of the reflector. The 
view of the filament is cut off at 14 degrees behind the reflector and 74 
degrees in front. The cut-off sideways is 63 degrees. 

Mouhting Data. Elliptical Angle Eeflectors, when used for lightings 
vertical surfaces, or for side-illumination in a works, should be mounted in 
accordance with the data given in the tables and diagrams below and opposite. 

Eatios for lighting from the sides of workshops, etc. (see Fig. 13). 

Tabk 1 

Height above.working plane . . . . A 

Distance firom wall effectively lighted . . . A . ’ 

Spacing between reflectors ,, * » * A / 

When these reflectors are used, at the sides of a workshop , they provide , ; ' 
a scheme (with overhead Conceintrat^g or :Meotors^wlHph,is 1^^ ,) 

is^due to tl^fight being dfreoted from the walls. In ad<fltiop, a 
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Fig. ] 3,— ratios FOR LIGHTESTG FRO.^I SIDES 
OF WORKSHOPS 

scheme in high narrow bays ensures adequate light on vertical surfaces. 
Elliptical Angle Reflectors are used in preference to the ParaboHc Angle 
type where the light is required to be widespread sideways and not above 
65 degrees from the vertical. The Elliptical Angle Reflector has a 37 
degrees cut-off sideways, and therefore complies with Factory Department 
recommendations. 

Angle Elliptical Reflectors 

Ratios for lighting vertical surfaces (see Pig. 14). 

Table 2 

Height of surface ...... A 

Projection from surface ..... A 

Spacing from end of surface .... |A 

Spacing distance between Reflectors . . , 1|A 

Height of bottom of Reflector above top of surface |A 

With height of the surface given in Column X, the average illumination 
is 10 foot-candles with diversity 2:1; i.e. maximum illumination does hot 
6X(md twice minimum. If, however, to reduce projection,* the height of the 
surface is taken from column Y, the illumination of the lo’^er part of the surface 
will be considerably reduced, making the average 5-5 foot-candles and the 
diversity 5:1, The above data is calculated on the use of at least three 
reflectors. The neck of the reflector is vertical in each case, no tilt inward being 
necessary, due to the reflector being mounted above the* top of the surface, 
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LIGHT DISTBIBUnOK 

The main light distribution — ^all angles being measured from the down- 
ward vertical— -is from 0 degrees to 65 degrees. Maximum intensities from 
0 degrees to 45 degrees. Thus uniform illumination is obtained with a 
spacing ratio of i| ; 1. There is an upward component of 105 degrees to 
180 degrees, which comes both through the diffusing globe and through 
apertures in the upper pai-t of the vitreous enamelled reflector. TMs com- 
ponent provides a proportion of illumination for ceiling lighting. 

When the Daylight Diffuser is used the foot-candle values shown m the 
chart opposite should be reduced by about 40 per cent. Higher wattage 
lamps, therefore, or more points are necessary for this class of fighting. 



Fig. l6.-LiaHT DISTBIBDTIOK WITH DWFVBEm 


^ ^ ' Local; ' 

. Th© lieep bWl refleplor is m ilate forin of a 

'to ^lrerMc«a axfe'df'.itl©, ' ;5Cbo’ 



.MOPEEN" industeial lighting 

Pharapteristic liglifc distribution of this supplementary local lighting reflector 
the maximum light intensity is obtained m angles from 0 de^e^ 

SPACING AND MOUNTING DATA 
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Fig. LIGHTING EEFLECTOB 


— — r 

Maximum Spacing j 
Distance. j 

; 1 

Mounting HeigM | 
above Bench. | 

! 

4ft. 

6in. 

3ft. 

Oin. 1 

5ft. 

Sin. 

Sft.. 

6in. 

6ft. 

Oin. 

4it. 

Oin. 

6ft. 

9in. 

4ft. 

6in. 

7ft. 

6ia. 

Sft. 

Oin. 


Local Lightdio EEFLECtOBS 
.KTTENSIVBrinPS 


t toBT DaEEBiBTmoN. The contoar of the toteasive type » 

tion^Sr cSSSncave ^.herieal curves. The charaete^f ^ 

taon ot conw .'rT^l . u™i.+. 5nt«H«w.5Aa a™ obtained m i 
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SPACING AND MOUNTING DATA 



Fro. 18.— SPACING AND MOUNTING DATA FOR INTENSB'E 
TYPE OF LOCAL LIGHTING REFLECTOR 


t j 

! Maximum Spacing 

1 Distance. i 

1 _... ..... _ ! 

1 Mounting Height j 

I above Bench. , 

! 

! 3ft. 

j 

Oin. 

3ft. 

Oin. 1 

1 3ft. 

6m. 

3ft. 

Sin. 

I 4ft. 

Om. 

4ft. 

Oin. I 

4ft. 

Sin. 

1 4ft. 

Sin. 

dft. 

Oin. 

1 6ft. 

Oin. 


Parabolic Angle Ebsxectobs 

, liioaT HKWOOTtmiai. The optical oontonr of the Paxa^Uc Angle 
]|l^eoto is deigned in the form of a deep parabola with the principal axis 
tilt^ at an a^lb of 4d, d^iees to the vertioal. The Gharaot6r&ti<» of the 
.^KfilioHo A3^e> such that the main disidboiaon of lig^t (all 

aiai^ htihg meashr^ from downward Tertioal) is obtained ton d d^i^ 
!td JO dMr^^ Maxinmm hght inl^neatke 

,,i^i6ahied''fi^ I'S-.degi^ .to' 7S d^rees'ta fircmt.Qf &e,refeote. 
,'',ie^.nI«s^t'iii'CjBt iiff at. 17 debtees .behind ahd-84' degte^:ii!'fKmt;. 
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Pababouo Angle Rbfleotobs 

MOTOTnsG Data. The ParaboUo Angle Reflector, when employed for 
the of vertical surfaces, should ho mounted in accordance with the 

data given in the sketch and tables shown on this and the opposite page. 



HomtTiKG Details job Vbetkjal Subfaces, With he^t of soti^ < 
Iren. 1» X, the average ilhunination is 10 foot-cara^ mth diver^y | 

1 1 jIjb, ilnttjbMtion doe* not exceed twice the mimmiun. S* ; 
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however, to reduce projection, the height of the surface is taken from 
^lumn Y, the illumination on the lower part of the surface will be con- 
siderably reduced, making the average illuinination 6-5 foot-candles, and 
the diversity 5:1. 

The above data is calculated on the use of at least three reflectors. 


Hi 

Height of Surface. 

Distance Out. 

I Spacing. 

X 


From Ends. 

Apart. 

60 watts 

3ft. 

Oin. 

4ft. 

6in. 

3ft. 

Oin. 

ift. 

6in.. 

3ft. 

Oin. 

100 


5ft. 

Oin. 

7ft. 

Bin, 

5ft. 

Oin. 

2ft. 

6in. 

6ft. 

Oin. 

150 

9i 

6ft. 

Oin. 

9ft. 

Oin. 

6ft. 

Oin. 

3ft. 

Oin. 

6ft. 

Oin. 

200 

it 

7ft. 

Sin. 

lift. 

Oin. 

7ft. 

Sin. 

3ft. lOin. 

7ft. 

Sin. 

300 

It 

Oft. 

Oin. 

13ft. 

6in. 

9ft. 

Oin. 

4ft. 

6in. 

9ft. 

Oin. 

! 500 

II 

12ft. 

Sin. 

18ft. 

6m. 

12ft. 

Sin. 

6ft. 

lin. 

12ft. 

Sin. 

750 

II 

15ft. 

9in. 

23ft. 

6m. 

16ft. 

Oin. 

7ft. lOin. 

15ft. 

9in. 

1,000 

>1 

18ft. 

6in. 

27ft. 

Oin. 

18ft. 

6in. 

9ft. 

Sin. 

18ft. 

6iu. 

|1,500 

99 

23ft. 

Sin. 

36ft. 

Oin. 

23ft. 

Sin. 

lift. 

7in. 

23ft. 

Sin. 


Disteibuting Reflectobs 

Affucation. Spacing times the height above the phme of work. 
Distributing reflectors are used in positions where light is required sideways 
up to a he%ht level with that of the reflector, e.g. gangways in warehouse, 
etc. These reflectors are also eztensively used where a wide distribution of 
light is required. 

Light Distbibution. The design is based on the ibrm of a double 
ellipse with the light source filament position placed at the juncture of the 
combined foci, thus forming a very efficient optical combination. The main 
ffistoibution is obtained up to 90 degrees from the vertical. The maximum 
light intensities are obtained £K>m the vertical up to 55 d^rees. This allows 
a spacing of 1| times the height of the lamp filament above plane of work, 


Sfacisg and Mounting Data 


Maximum Spacing 
Distance. 

Mounting Height above 
Working Plane 
(usually 3ft. above fbor). 

- I8ft. ! 

12ft. 

’ , ’ , ''24ft. ' ■ ' 



' •'.'am. '■ . : 
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Fig. 20.-SPAOING AND MOUNTING DATA FOR 
DISTRIBUTING REFLECTORS 


The Electric Lamp Manufacturers’ Association of Great Britain give the 
following method of calculating mounting height, spacing and position of 
fittings in industrial interiors. 

Generally speaking, the approximate mounting height will usually be 
clearly indicated by the physical properties of the buildi^, but it is usually 
considered undesirable to mount fit^gs less than ten feet above the floor 
as a low mounting height requires close spacing of fittings and consequently 
increases installation costs. From the economical point of view it is wise 
to mount the fittings as high as is reasonable. 

Illuminating engineers are familiar with the ‘inverse square law’ which 
says that the iflumination received on a surface is inversely proportional to 
the square of the distance of the light source from that surface ; and while 
the law is perfectly true for a single point source of light, it by no means 
holds good where the installation consists of many lamps each of which is 
used with some kind of fitting in a normal room. Under these conditions an 
increase in the mounting height has only slight effect on the r^ulting 
iUumination. 

In practice, therefore, in a multi-storey factory it is usual to mount the 
fittings as close as possible to the ceUing ; in a single-storey factory of 
medium height mount them at a sufficient height to avoid all moving 
machinery. 

Having determined a suitable mounting height, it is then necessary to 
decide the spacing of fittings. Uniform illumination, minimum 6 foot- 
candles, is requirM over the whole working area— If fittings are too far 
apart there wnl be pools of light beneath them with comparative darkness 
in between. When the fittings are correctly placed, the light from any one 
fitting will overlap that received from adjacent fittings so that the illumina- 
tion OB the working plane at a point midway between fittings is only slightly 
less, or may be in some cases mghtly more, than that immediately beneath 
the fittings^ 

* It is also evident that with any fitting having a given distribution of 
light, the higher it is mounted the greater the area it win serve and therefore 
the wider me 'mrmMhh spacing of fittings. On the other hand, a few 
fittinp mountal hi^ up will give lighting w^h rather harder shadows than 
is the oaeeff a greater num fittings is employed ; and aa the shadow ^ 
Js ipmcstant, this fiict must be botne in mind, 
tils, PH® fw* JMlwsfcW TypeB tm page 57 indientes height epaaing »tio. 
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This assumes that the plane of work is three feet above the floor, which is 
usual for machines and benches. In places such as foundries whei^ the 
working plane is at floor level, some allowance must be made for this factor. 
It should also be remembered that it is impossible to mount fittings with 
the lamp actually at ceiling level. An allowance of at least one foot is 
necessary to provide for the reflector. It is obvious that to provide the 
necessary uniformity of illumination, lighting units must be arranged 
symmetrically, but as ceiling divisioi^, columns, shafting or any simflar 
obstructions may restrict the arrangement of the fittings, it is best to draw 
a scale plan of the room clearly indicating all such obstructions. If no such 
ceiling divisions or columns exist, layouts can be planned within the limita- 
tions of the height spacing ratios given above. 

Having decided upon the maximum spacing, proceed to locate the points 
on the diagram of the floor area, placing them as nearly symmetrical as 
possible without exceeding the maximum permissible spacing. The dis- 
tance between the outside row of fittings and the wall should not exceed 
one-half of the normal spacing distance, and in places where work is carried on 
at benches or machines plac^ near the wall, this distance should be reduced 
to approximately one-third of the normal spacing. 

The recommended spacing ratios are for units having the normal char- 
acteristics of their type, but in special cases where fittings possessing unusual 
characteristics are employed it will be necessary to obtain the height 
spacing ratio from the manufacturers. In many instances it will be found 
that the maximum permissible spacing is not suitable for the interior in 
question, and it becomes necessary to choose some closer spacing which will 
allow for a symmetrical layout. With a closer spacing it becomes possible to 
lower the fittings somewhat from the height originally selected, and while a 
little extra illumination will be obtained by doing so, the eflfectiveness of 
the lighting may not be increased, on account of the more oppressive atmo- 
sphere which will be produced, particularly where the fittings are already 
mounted fairly low. 

The height and spacing of fittings arrived at by the above process is still 
liable to adjustment if the final result of the calcinations gives an illumina* 
tion level not sufficiently near the level that is aimed at. 

The next step is to find the ‘Boom Index.' The amount of light that 
riches the plane of work from a fitting is affected by its height and by the 
size and shape of the room, and for purposes of design calculations, rooms are 
olassifi^ according to their dimensions, each classification being given a 
letter which is known as the ‘Boom Index.' The Index has no mathematical 
meaning, but it is merely a symbol that is used for the subsequent calcula- 
tion. Eimm Indices for many indusjjrial interiors are shown on page lU of 
Ithe Appendices. 

;phe room indices marked with an asterisk should be advanced twb 
ste^ when only a single fitting is employed ; for example, ‘A*' will be 
_ateredto‘C/.' 

is Important to note that when direct, semi-direot, or general lighting 
toite %e feing employed, the figures at the top of the various, ‘height’ 
e^uinhs should be u^, |but where semi-direct or indirect fittings are 
height is shown at the bottom of the columns. 3ii 
eadhh^ is to he measured ahov© the ptone pf wbrt 

' ' ’V>Bavfeg:pbtaffied''''th^^ index from, the 'table, ; it 'nowc 

'to'fiiid'the^&ieffioiqnt of ’Utilsation; ,of 
^ pipporlipn of %ht 'from tho'lamps yhicK"fe -meeivi^’on ' 
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the plane of woik, and it is influenced by the reflective propeities of the 
surroundings, by the type of fitting used, and by the Room Index. 

It will be obvious that where the ceilings and vialls are light in coloui 
a large propoiliion of any light which reaches them will be reflected back on 
to the plane of work, whereas if these surfaces are daik or duty much of 
the light will be absorbed and therefore lost. In the case of semi-direct 
and indirect lighting, the major part or the whole of the light eventually 
received on the plane of work reaches it by reflection from these sxnfaces, 
which must therefore be light coloured if the efficiency of the installation 
is to be satisfactory. A table showing reflection factors is to be found on 
page 76, from which it is possible to estimate reasonably closely the reflec- 
tion factors of the walls and ceiling of the workshop under consideiaiion, 
but a certain amount of judgment is necessary in interpietuig these figure». 

In a multi-storey factory, for instance, the wails and ceiling may be 
painted or distempered with material having a reflection factor as high as 
75 per cent., but after dark, unless the windows are covered by light- 
coloured blinds, practically all of the light which strikes them will pass our 
and be lost. In such circumstances the windows should •be taken as very 
dark surfaces, and it is therefore necessary to estimate the amount of 
window space in comparison with the total wall space, and thus to arrive 
at an estimate of the overall reflection factor of the walls. It is very unusual 
to find this factor to be as much as 50 per cent, even with very light-coloured 
distemper. A similar adjustment must of course be made in the case of 
the ceiUng of a factory with a ‘saw-tooth’ roof construction. 

4. Lamp ske. 

After the position of the units has been settled on the plan, all that 
remains is to calculate the size of the lamp which is required in each unit to 
provide the desued illumination, and it may be obtained from the folloT^ing 
formula advised by the E.L.M.A. Lighting Service Bureau. 

T _ S’ 0. X A X Dep’n Factor 
QoHJ 

Where L — The lumens lequired per lamp. 

P.C. « Foot-candles of illumination desured 

A » Area in square f^t per unit (total floor aiea divided by 
number of units). 

C of U ^ CJoeffieicnt of utilization (find from table). 

Dep’n Factor « The depreciation factor {usually assumed to be 143) neces- 
sary to allow for the depreciation of the installation owing 
to dust, dirt, etc. 

Having calculated the lumens required per lamp, it is then necessary to 
consult the tables showing Rating and Efficiency of Incandescent Lamps on 
page 116 of the Appendices, to find a lamp which wUl give approximately this 
number of lumens. If the lumens required fall nearly midway between 
two standard lamp sizes, choose the larger rather than the smaller, or if 
possible, recalculate using a different height and spacing of fittings. 

Here is a typical example of designing a lighting installation for an 
industrial interSr, 

Data. The floor plan of the factory space to be lighted is 72 feet by 
144 feet. 

^ Ifee work carried on in the room is assembly of medium-sized machine 

fa food rnmimtion. 
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The supply voltage is 230. 

Height from floor to roof trusses is 12 feet. 

The roof is of northern light construction, dark roller blinds being used. 
The walls and upper structure are painted a light colour. 

Only a small amount of material is stored along the walls of the room. 
Procedure. Following the steps given on the previous pages, proceed 
as follows : 

1. Foot-candle iflumination. From the table of Foot-Candle Inten- 
sities, pages 103 to 109, 12 foot-candles is recommended for assembly, 
medium grade, with a range of 10-15. 

2. T}’pe of light fittings. Consulting the Index of Reflector Types, 
page 57, the Dispersive Reflector is selected, the choice being based 
principally on eMciency, and ease of maintenance. 

3. Location of points, mounting height and number of fittings. 

The height of the benches, the working plane, is 3 feet above the floor. 

The maximum mounting height of the lamps above the floor area is 
11 feet (12 feet to truss, less 1 foot for reflector drop). Hence, maximum 
'mounting height of fitting above working plane is 8 feet {11 feet less 
3 feet). 

From the Index of Reflector Types, page 57, giving height-spacing ratio 
for dispersive reflectors, an 8-feet mounting height above the working plane 
gives a maximum spacing of 12 feet, and since the section of the room near 
the wall consists of gangways and storage, 6 feet may be allowed between 
the last row of fi.ttings and the side walls. 

Reference to the plan of the room shows that a 12-feet spacing each way 
(outside fittings 6 feet from walls) would give a sjrmmetrical layout in the 
24 feet by 36 feet sections, and this spacing is therefore adopted. The 
points for the entire spacing are marked on the plan as shown, 72 units 
being required. i 

4. Lamp size. 

(a) Area per fitting in square feet «= 

Total Floor area in sq. ft. _ 72 x 144 
Number of Points in the Room 


72 


=» 144 square feet. 


To find the Coefficient of Utilisation : 


From the Room Index, page 111, for a room 72 feet x 144 feet, where 
the piounting height of direct lighting fittings is 8 feet above the plane of 
work, the Room Index is given as E (rooni SO x 140 feet, fitting height 
..',40feet).' 

to the table oh page 110, Coefficient of Utilisation, for Direct 
fittings, in a position with a Room Index of E, and where the ceiling is 
fairly light and the walls fairly dark in colour, the Oqefficfont of Utilisation 
is fpuhd to be Q W. (Note that the ceiling and walls originally stated to be 
light in oplour, are how thk^n to be feirly light and fairly dark respectively 
; blinds and space ocoupied by doors and windows*). , 

f'' '■|ye^g''thoI^preciatibhFactor of wehow^get : 7. 

(6) i^mp lumens reqTO ^ 

- ^oot-cilndl^/x''*^1^pbr‘Fittmg'ffiequa^^^ ^ 

7 'DepreciatibnEactc^ ' , 12' x 144' x"L43..;>'' ‘ 

' 'Ooeflloieht, 
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Bodium, 125-watt Merourj^ or 300-watt Tungsten. The actual illumination 
using these lamps will, of course, vary slightly from that originally designed 
for, or 


3900 X 12 
4118 

5000 X 12 
4118 


3720 X 12 
4118 


11 4 foot-candles. 


14-5 foot-candles. 


13-8 foot-candles. 


(CHAPTER KiNE 

MAINTENANCE 

W HEN illumination is to be bought, the buyer should consider his 
purchase on the basis of sustained ‘seeing ability* per pound 
expended. The cost per kilowatt hour for electric power is a 
prime factor only when one knows how efidciently this power is converted 
into light. 

The cost of the lamp bulb is a factor when we know the quality and 
quantity of radiation emitted. The value of reflectors and accessories is 
indeterminate until we know just how they redirect and continue to redirect 
the light to the work. 

Even so, we must also reckon with the light that may efSciently come 
from the lighting unit, but which may be lost through absorption in sur- 
rounding objects or surfaces before it can reach the work under observation. 

To a large de^ee our final criterion, ‘seeing ability,* depends upon the 
co-ordinated efficiencies of all such factors. If the efficiency of any one of 
them is low or is allowed to fall off, then such a weak link weakens the chain 
and nullifies the good work of the neighbouring components. 

Watch the losses through the neglect of the lighting installation, i.e. the 
high cost of low maintenance. 6uard against the insidious losses resulting 
from such items as low voltage, unsuitable or old lamps, dusty reflectors, 
dirty walls and ceilings, empty sockets. 

Where maintenance is poor and lighting systems depreciate, the losses 
due to neglect may be roughly classified as follows : 

L Dirty lamps and accessories. 

2. Darkened or discoloured walls and ceilings. 

3. Lamp bulbs of poor quality or low efficiency. 

4* Empty sockets and unnoticed bum outs. 

5. Old lamps past their days of usefulness, 
fl. Dnder-voltage burning of lamps. 

7. Improper combination of lamp and reflector. , 

First consider the advantages and costs of keeping the lighting equip* J 
ment clean. ‘Water Is cheaper than watts,* but it is appalling how sw<m j 
lamps and reflectors are properly washed. Yet washffig is vital to seeing % 
ability. A dirty window will absorb light, and, in the same way, dir^ 
attinsts will absorb it, causina: losses of frmn 28 ner c^tit. un to 50 mL i 
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or even more. Muok of this loss can be caused by dirt on the lamp itself ; 
it is not sufficient just to clean the reflector, both must be done. 

Many every-day examples exist to demonstrate the importance of 
removing films of dust and grease from the lighting units. For example, 
porcelain steel dffiiser in a rather smoky machine shop when new produced a 
12 foot-candles of illumination on the bench beneath. It had gradually 
become so dirty during weeks of neglect that less than 3 foot-candles fibnally 
resulted, meaning that the cost of light on the work had quadrupled. It 
meant that out of every pound spent for electricity and lamp bulbs, fifteen 
shillings was being wasted. 

Another not uncommon example is this. Some 3 *70 foot-candles were 
measured on the bench tops of a shirt factory. First, the reflectors were 
thoroughly cleaned. The foot-candles were increased to 4*68, or a gain of 
25 per cent. Since the lamp bulbs were obviously old and dirty, new 
lamps were installed and the foot-candles moved up to 5*56, or a gain of 
40 per cent. The ceiling was repainted from a dingy, smoky yellow to a 
lighter tint and the foot-candles grew to 6 *78, or a total gain of 81 per cent. 
Examples of this sort coidd be quoted indefinitely. 

The writer recently took readings of the illumination received on the 
working plane in a number of factories immediately before and after cleaning 
the reflectors. Here are a few of the results : 


' 

Industry*. 

Foot-candies 
with Soiled 
Beflectors. 

Foot-candles 
■with Clean 
Reflectoyfe. 

Percentage 
of Increased 
Illumination. 

li^eering . 

4 

6 

i 50 

Engineering 

8 

5-6 

83-3 

Foundry . 

6 

10-5 

' 75 

Laundry . 

4 

7-5 

87-5 

Soap Products . 

5 

6-5 

i 30 

Wire 


3-6 

: 75 

1 


The reflectors used were all of a modem industrial type. These facts 

E ve beyond question that dirt can account for a loss of much more than 
F the %ht that is being paid for. 

A continuous depreciation of light due to the continuing deposits of 
dust on reflectors and the continual ageing of lamps is to be expected. But 
this is not a straight line function. Usually the greatest losses occur in 
the first month or Bit weeks—about 15 per cent, in the first month is a fair 
' average. ■ ■ 

Dust deposited hpon old dust is not so oOstly as the first thin layer. The 
loss of light from the normal and uiiavoidable depreciation of tlie lamp 
, bulb i^If from internal blackening seldom brings the final output ctf that 
Jblow jW per ^nt. of its initial efficiency.. However^ blackening doOs 
:^nt^ue as an almost straight line slope and hence a very aged lamp bhib 
oah be removed and replaced by a new one shield it be found 

fe,$vemuchbeyonditsrai5^ ■; 

be clewed and' w^rit di^ it oost I 
_!IO''^€^ral''ttob'xMrien^^ of past years has shown ’that'.btdb?^ 

''’ibrs 'mMA 'be 'wipw free, of 'dust at least ;0noe;,eaa' month/' ''Exempt dfi' 
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unusually dirty positions they should be washed at least once every sixty 
days. It is not a bad plan to alternate dry and wet cleaning. 

Stubborn cases of encrusted, greasy dirt require warm water and soap 
or a mild grease solvent. Extreme eases of hardened sooty deposits may 
require a dilute solution of oxalic acid. After the usual washing with soapy 
water, and to avoid the soap film that will hold the next deposit of dust, 
wipe and dry the reflector carefully or preferably rinse in ammonia water. 

Cleaning costs vary, but taken alone they average about 4 per cent, of 
the total operating costs of a lighting installation. If such cleaning will in 
itself increase the illumination 20 or 25 per cent, then the results pay for 
the expenditure four or five times. 

The accessibility of the lighting unit (and the lamp) is very important. 

In industrial installations, if the bulb can be removed without taking down 
the globe, the maintenance is greatly simplified. In industrial installations, 
the 'safe-change fitting,’ or disconnecting plug, facilitates removal of the 
reflector complete with lamp to the floor for easy washing. It is instantly 
detachable as a complete unit without disturbing the wires. Just what 
that means is shown by the following experiment. 

To clean 5,700 porcelain steel lighting units, in their regular overhead 
position, at eight minutes each, required 45,600 minutes, or 760 hours, to 
clean. Labour at that time cost Is. 3d. an hour. Therefore the cost of 
each complete wash was £47 10s, Considering four^ washes a year, the 
yearly cost was £190. 

With a cleaning time per unit of two and a half minutes, made possible 
by a removable hanger, it takes 14,250 minutes, or 237| hours, to clean 
5,700 units. With labour at Is. 3d. an hour, the cost for one complete 
wash is £14 16s. 10|d, The yearly cost for four complete washes is £69 7s. 6d. 
Thus the installation of ‘safe-change fitting’ effected a saving of £130 12s. 6d., 
or 68 per cent, of the yearly cost of keeping lights clean and efficient. 

What we have i discussed about dirt on the reflector applies in principle 
to grimy or discoloured interior surfaces. Neglecting for a moment the 
efficiency differences of different colours of painted surfaces, we may coh- : 
sider merely the losses due to the neglect of these surfaces. In an enclosed 
space such as a small room any change in the light reflected by the walls 
and ceiling will change the light available at work level almost in the same 
, proportion. 

When light falls on an opaque surffiee part of it, is reflected and part of it 
is absorbed, the lighter and cleaner the surface the more light trill be reflect^ , 
and the more efficient will he the installation. Light-coloured walla can 
make a great difference to the illumination ; and dSt, on the other handi ! I 
can cause serious losses. ' ! 

More than half the light can be lost in some districts dueito dirt, and ' 
it pays well to make sure that walls and ceilings are kept both light and clean. 
The table gives values of reflecting powers of various surface with liglit 
produced by standard gas-filled lamps. ; \ 

, EhBLECTIHG FaCTOBS OV'BiOTBBKT SUByAO^"' . '"''f'"'} 

, Aluminium paint ; , . * ‘ •' 

Black paint, matt ’ 'V ' " . ‘''‘6,^ 

Bricfc, red, clean' ^ - ■ v ; , 

Brick, yellow^clean ... ' ' 35'. 

'light: ' / . ' 41'.'/''':;'';';;^ 

Buff,.iniddle' ,„v / ^ 
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Caen, stone 
Concrete, unpainted . 
Cream, deep . 

Cream, matt . 

Cream, pale 
Peal, plain 

Galvanised iron, unpainted 
Glass, ordinary 
Grey, french matt 
Grey, dark matt 
Green, light matt 
Green, dark matt 
Ivory, glossy . 

Ivory, matt 
Plaster 
Plaster board 
Poplar, plain . 

Bed carmine, matt . 
Salmon pink, matt 
Steel, unpainted, structural 
Stone, light, matt 
Tile, white, glossy 
White blottii]^ paper 
White paint, glossy . 
White paint, matt 
White paper . 

White pine 
Whitewash 


72 

45 

70 

62 

76 
45 
16 
14 
28 
22 
41 
27 
69 
64 
75 
60 
47 

9 

44 

16 

58 

80 

82 

78 

77 
84 
61 
80 


Individual studies must be made to ascertain how frequently an interior 
may be repainted, but it seems common practice to find it economical to 
warn most painted interiors once a year. 

How much the reflection coefficient may be increased by washing *5t 
is impossible to answer definitely, but many experiments indicate that an 
increase of about 10 per cent, is usual. 

Our third item of neglected maintenance has to do with lamps of poor 
quality. The cost of the lamp bulb is smaH in comparison with the cost of 
lighting. It usually represents less than 10 per cent, of the total and a few 
pence differehco in the c(%t of the bulb is r^Uy negligible, where^ a few 
o^t. diffeimoe in output efficiency is vitally important. > 

; If we eyaimte lighting costs properly we find that a deficiency of about 
6 pw cent, in the lamp efficiency is about equal to the average first eost cf . 
the lamp. Hen<i» inraScient lamps are not economical at any cost, and if 
the poorhwBipkf 7 per emt; less efficient than a reputable good one, made to 
Biil^ Standard Speoifioataon, then the purchaser should really be givmi a 
bomm tb rampeneate Ipm! for his lighting losses, 

, Bmpty sockets t^ohserved de^ Isnaps take their toll of Hj^iug > 
idfietocy. ; They aire jubt a4 usel^s as if the entire %hting pMts ^ere 

as cost of uasfriMion Md irv^tment; 
;'’iiOD^uewhether:tl^s(^tet,!iea3upty orfuB; '''' ' \ v 

in 'n^pto^ly maintaaned should'' be''ieinoyed,' own- 

fSifeiBh of bmnin^.' ' Fov^am^i^ lanupa' ^jd’.ini^tahle' 
'tj^nliifdddih'.blafi^ w neoesdtato i:moyiu!:Mne' 
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but there are cases on record where lamps may live much beyond the 
designed life and degenerate into electric heaters* They become like the 
hose-nozzle that might gradually be allowed to have its orifice reduced in 
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Another vital problem in connection with the economics of maintenance 
is the under-voltage burning of a lamp. To a minor degree, there may be 
some loss in voltage due to any corroded contacts throughout the system. 
To a greater degree there is a voltage loss resulting from haphazardly 
extending or overloading branch circuits. 

The voltage drop in any system should not exceed 2 per cent. This is 
counterbalanced, in the main, by providing a slightly excess volfege at the 
service entrance or the distribution panel. 

The cost evaluated in units of light amounts to approximately a 4 per 
cent, diminution of illumination for a 1 per cent, drop in voltage”. Conse- 
quently the highest economy dictates that there must be the closest possible 
agreement between the designed and rated voltage of the lamp and the 
actual socket voltage, or that the latter be not less than the former. By 
over-voltage burning one gains light at the cost of life. 

The importance of supplying lamps of the correct voltage and the main- 
tenance of voltage at the lamp terminals is emphasized in the accompanjdng 
Vagram. 

It will be observed that a reduction of 6 per cent, to the normal voltage 
decreases the output of the lamps by 18 per cent. 

Similarly, the overrunning of the lamps produces the same percentage 
effect but with a corresponding diminution in the effective life of the lamps. 

iinally, to secure the most seeing ability for our money we must direct 
our generated light to its point of usefulness. If the glass reflector be broken 
the ^it is wasted sideways, since the proper reflector usually increases the 
usable light from two to three times over that which comes from the bare 
lamp. If the metal reflector becomes tarnished or bent much the same 
thir^ occurs. If— and this is an important point — ^the wrong size of laimp 
bulb be inserted in the reflector, then the emitted beam is changed and the 
combination loses effectiveness. 

For example, a 200-watt size E.L.M. reflector and con-esponding wattage 
of lionp will emit light with an output efficiency of abotit 70 per cent. If a 
ISO-watt lamp be inserted in this reflector the output efficiency drops to 
about 62 per cent. Chie of the best checks on this loss is to guard against 
the careless interchange of brdbs and accessories. 

The whole secret of an effieimit lighting installation after it has once 
bean, properly installed lies in planned periodic attention. light-meter 
surveys are recommended in order to detect depreciation. Above all, the 
maintenance must be made the regular duty of a reliable employee who 
ap]^%$iates the value of his job. 

When the fllumination has decreased to 75 per cent, of its ibi tml Value 
ffie li^tijD* equipment should be washed. Frequently a group-repkoement 
H pim of re-lamping can be established to coincide with the oleaning peri^ 
viffi a resffitant saving m maintmance costs. 

; To ensure that a given level of illuraiaation will be maintained even 
whexe dmiditions are favourable it is necessary to desi^ to 

give nfl^y 26 pw cent, more light than the required miaimurtt. 3^ 
gpdtions where dirt will collect rapidly and whm adequate niaintenahce k 
,1^ provided, the imtial illuminatioh shopld be at least SO jper ceni above: 
H,i^maximuni.^reqtiir6smat.'' ' , : 

more light— end' inqre light 

'■ ;OTffl!8tiftg'mEpeneo.'' , 'Slq yalne'.whateyOT is. obtyh^’.from the- 
Spy fitix^^walls or ceilings, So j|this.hght be irtelahned itaimsw^to ' 
f,;,VBy'n!ibdhrtheaa»selhi%'as ^ta.carti'in' the ^dbet.' ' j'i-' 
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The fiuoresceat tube which has run its life does not necessarily go out 
iike a tungsten lamp that has failed. Moreover , if a fault develops on a tube 
circuit there are other components to examine besides the fuse and the flex. 
The following notes, taken from Osram Bulletin, will be helpful in facilitating 
the maintenance of fluorescent tubes and their associated equipment. 

First, it is desirable to know exactly how to recognise a tube which has 
served its useful life. 

In contrast to a tungsten filament lamp, a fluorescent tube may not cease 
completely to give light when it is approaching the end of its life, but may 
simply flicker or show other objectionable symptoms which might mislead 
one into suspecting not mere normal failure, but a faulty component in the 
circuit. 

Apparent faults that may simply be symptoms of a tube wliich has run 
its full life are : 

1 . A tendency to flicker on and off for a long period when first switched oa , 

2. Material blackening of the tube at one or both sides. 

3. An apparent slowing down in the cycle period, giving cycle flicker 
comparable with a tube on a 25-cycle installation. 

Any of these symptoms may be accompanied by an exce.ssive brightness 
of the cathode filament at one or both ends of the tube. 

While these symptoms may be due to other causes, wherever they 
occur in a tube which has burnt for a period near to its rated life, the installa- 
tion of a new tube is advisable. 

If, however, a tube has failed prematurely or if the trouble persists after 
a new tube has been installed the following hints may help in the detection 
and remedying of faults. 

A circuit which is not behaving normally should be disconnected from 
the supply until such time as the defect can be corrected. If a number of 
other circuits are operating from the same circuit switch, the tube should be, 'i 
removed and, if possible, the supply should be disconnected locally, otherwise 
damage to sound components of the circuit may be caused. 

Location of faults in a circuit can often be expected by the simple pro- , , 
cedure of trying the switch from the defective circuit in ah adjacent gotd 
circiut. If the switch is in order, the same procedure should be foUowed with ; 
a tube taken from the defective circuit. Never try a good tube in a defective ' 
circuit until it has been established that the circuit itself is not faulty. , 

See that the choke is in the phase lead as this tends to minimise the effect 
of any troubles that occur due to an earth on any part of the circuit, , 

It is important to check the supply voltage with that of the eqtfipment' 
used and to see that the correct choke tappings are being.emi»loyed, , ; ■ 

It is worth remembering that as soon as a tube is ali^t, the starting ' 
switch associated with it is out of circuit and can, therefore, be fcMiporwily, 
removed and used for replacement or testing on, an adj^ent faulty circnit : 
without affecting the operation of the tube from which it has been jemoved. , 

For schedute of symptoms, causes and imedies,,see AppCnditiMii IW* Y 
114andll6. ■ , : Y, ...y:/. 
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STATUTOBY BEGULATIOXS 

T he Factdries Act, 1937 (1 Edw S auci 1 Geo. c. 67), consolidated 
all preTions legislation aifecting liealth, safety and welfare of worker^ 
in factories and introduced amendnients of great importance fo^ 
employers, works managers and welfare oincers. 

For tke ilist time in English industrial history sufficient and suitable 
iightmj wa^ reqnhed in all factories. Section 5 of the FactoAe» Act staling 
that : 

(1) Effechvt i^ruckioti sludl ba madefod securing and mahutaining bujlficienf 
mid suitable lighting ^ whether miural or atiijiciah in pvtnj of a factory nt 
which the persons are vvrling or passiyyg 

(2) The Seoetayy of State may, by regidatmis, pri^saihe a standard oj 
sufficient ayid suitable lighting for factories or for any class or description of 
factory or payis thereof, or for any proce^is. 

13) Xothing in the foregoing provisions of this section or in any regulation's 
made thereunder shall be construed as enahlhig directions to be prescribed o) 
otheywise given as to whether any artificial lighting Is to be produced by any 
particular illmninant. 

(4) All glazed windows ai\d skylights used for the lighting of worLrooyits 
shall, as far as practicable, be kept clem on both the inner arA outer surfaces 
and free from obHtruction : 

Provided that this subsection shall not a^ect the white wmhing or shading of 
windows for the purpose of mitigating heat or glare ^ 

This official and belated recognition of the value of good lighting in 
factories empowered the Secretary of State to prescribe standard and in 
November, 1937, he appointed a Conmodttee to advise as to such standards. 
They submitted the Fourth Eeport of the Departmental Coynmiitee on Lighting 
in Factories, obtainable from His Majesty’s Stationery Office, Kingsway, 
London, W.C.2. Price Is. Id. post free. This Report contains the foffowing 
recommendations (extracted from Form 282, March, 1939) for minimum 
Htandards for general lighting in factories : 

(1) Over the interior working arms of any factory the ilhmimtim at floor 
ksd, or at three feet below ihe level at which work is carried on, shaU not faU 
bdow 1 *0 foobmndle, without prejudice to ihe illumimfion required for the 
work itself. 

^Workiy^ arexF may be taken to mmn the area occupied by, and in the imme- 
iiak minity of, the machines, benches, or other plant at which ihe operatives 
eland or sit in the eMcutkm of their work, including the intervening gangways, 
alleys, and similar spaces, 

(2) Over all inferior parts of any factory, other than tiie working areas, over 
whi^ persons employed are liabh to pass, ihe illumination cd^fhor Imel shoM 
faU bdm 0.5 foot^^candU. 

(3) Over all c^m yards, j^sages, roadways, and od^r opm places m a 
upon whim persons are emptied or over which &ey me UMe to pass, 
fhe mminMion at ground hvd, or ad other hvd of emploipn^ or pasmge, sh&U 
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HOt fall below 04 foof-candkt withotd ptejtidice to the ilhmtmtion teqniiff^ 
Jot the woric itself, or for the adeqmte lighting of da, igero^is pmts and places o 
other emergency. 

The Chief Inspector of Factories shall have powet to appwve rt kwej sfandmd 
in appropriate cases. 

(4) Where any light source in a factory is leas than a^xiten feet in height 
above floor level, no pad of the source or fitting having a brightness greater than 
10 candles per square inch shall he visible to any pejson wkiUi normally 
employed within one hwidred feet of the source, unless the angle of elevation 
from the eye to the source exceeds 20 degrees. 

(5) All local light sources in a factory shall be provided with suitable 
shades of opaque material or other effective means by whuh they shall be 
completely screened from the eyes of every person employed at a mnnal ivorlcbig 
place. 

{A local light is intended to mean a light so placed as to tllmmnate only tk 
area or part of the aiea ofwm*k of a single operativgor small group of operatives 
woihing near to each otlm ) l■P 

(6) Adeqmte means shall be provided as far % reasombly practicable, by 
suitable screening or placing or other effective method, to prevent discomfort or 
injury by the reflection of light from smooth or p^Jlshed surfaces into ike eyes 
of the worker. 

(7) Adeqmte means shall be taken as far as reasombly practicable to prevent 

(he formation of shadows which interfere with the" safety of or cause discomfort 
to any person employed. v 

(8) No light source which flickers or undergoes abrupt changes in candk 
power in such manner as to interfere with the safety or efficiency of any person 
employed shall be used for illumination of a factory. 

The outbreak of war held up this development and the Departmental 
Committee was asked to submit a fresh report in the light of war conditions. 
Their findings were given in the Fifth Report of the Departmental Commitke 
on Lighting in Factories published by His Majesty's Stationery Office, 
price 4d. post free. 


The following are extracts from this report : 

Generally speaking, two fealures characterize industrial work in a large 
number of factories at the present time. In the first place, the work has to be 
done at high pr^swe awd much greater strain is imposed on the worker. 
Secondly, owing to the prevalence of night work and overtime, the time sped 
under mtiflekd light is far longer, even in factories which provide aiegmie 
natural liaht. In nre-^war davs. for example, a working day of 8 a.m. to 5 JO 


pm. connote fee use of artificial light for abovl 10-15 per cenl. of the yearly 
hours of employment ; at present it is often 60 to 100 per cerd. 

We have been uimbU to find any evidence (hut prolonged or even continmm 
work under artificial light has any deleterious effects upon health or safety, 
though it may he that at a hter stage such effects may be established. It k 
ibvims, however, thatthepreseTd conditions of work in many fackrrm {espmmy 
in factories cchnpkidy obscured) are unnatural and new to the majoriiy oj 
mothers* We are amxrMngly agreed that exposure to such conditions juMifm 
the mainlmmce of a higher standard oj UgMing than that pnvioum 
m^mmnmded by m, in me interests both of workers and of incrmmd 
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RrroMMf;M)iTio:.s 

'f In 1 expect of interior work places. 

am no longa* be naardedas apn^'^nlh, nJ We feel that this 

>0 hy dowa a .tandld ImXontZ rZulfaT^JX^ '^'1 iti^desirahh 

enabling ordinaty md- to be done with caso a/id aftlZlX 

to the workers affprhd 7i ' Qnd affoidmg reasonuble amemfy 

-rni„ 4 

thiyaM being alLeil ,o ce£ 

icods, Imvy engineering wod% boiler-mnling Zrhs etc Hw wlw/ rtf ^ 
miMe thronghovt of such a high standard would as « tuil TnrrihfX ^ ,f 
owing to the ptesence of overhead cranes and ofLfJlut-\ be practicable 
the light sources being mounted at considerable heights froXZfloZ^ necessitate 
If e therefore recommend that : 

midtiioml tUunanation required by the nature of the work. ^ 

lit mimxtlrg >T( 

‘ In respect of interior passage and access. 

m be less than 0 -5 foot-mndles. employed, the lUumimtion shall 

In respect of other parts of factonW 



hmemr, are rOativelv unimr>ortanf ftZ» in ' f 7^- ^'Aese, 

thm it unne^mry i mad any specific reZZme^ZZ^ 
n i^pect of processes requiring discrimination of detail. 

Oommto might usefuUy cmtinZ Z ^ 

TO^ts the fiA4t.,MgK^ £L ^ j* ^ ^ ^ 


on a fundcmmtal 


Vhou^ cir^MmZ un^ZZu VuTZT reguM. 


A'S ?!3'StSS* “ ^ r™* 
< (f«. <if i, 



^4 MODCK> I-^DUSTRIAL. LIGHTiM* 

cciUnyh^ mlk^floois, bcfitimund ihtuwrsof bhcked- 02 it windoi/%^ and tvof lights 
and^ where possible^ the plant) light in colour. 

The visits to factories paid by ns as well as evidence tendered to us, hare 
convinced us iltat the depressing and gloomy appearance of many factories 
could be greatly nliuxd and even neutralized by more careful attention to thu 
mutter. 

We accordingly recommend that : 

(3) Throughout the interior parts, m which persons are regvlarly employed, 
walls, partitions, ceilings, tops of rooms, including interior surfaces of windows 
and rooflights through which the passage of daylight is continuously prevented, 
and as far as practicable, other structural fixtures, which are less than fwtntyfeef 
above floor level, i>haU be maintained light in colour 

Suppression of glare. 

Olare is still prevalent in many factories, especially those m which 
antiquoded systems of lighting are in use. We therefore see no reason to modify 
our previous recommendations which ran as follows : 

(4) Where any light source in a factory is less than sixt€e7t fett height abmr 
floor level, no part of the source or fitting having a brightness greater than kn 
candles per square inch shall be visible to any person whilst normally employed 
within one hundred feet of the source, unless the angle of elevation from the ^yt 
to fhe source exceeds 20 degrees, 

(6) All heal light sources in a factory shall be provided with suitable shad(s 
of opaque material or other effective means by which they shall be compUMy 
screen^ from the eyes of every person employed at a norm^ working place. 

(6) Adequate means shall be provided as far as rmsonahly practicable by 
suitable screening or placing or other effective method to prevent discomfort O} 
injury by the reflection of light from smooth or polished surfaces ifUo ike eyes oj 
the worker. 

Whilst confining our ncommendations in (4) to sources mounted at heights 
below siadeen feet which shmdd serve to eliminate serious cases of glare, it is ^ 
desired to emphasize iMi some care is ^lecessary in the case of sources mmmted at 
a higher level Even in these circimsfames the use of brilliant ttmereentd 
^Ol^rce^ is preferably avoided, ^ 

The conclusion reached by us is that it is of little use to tinker with an ouUofi 
date insialhtion, and that the best and easiest course is to make a good job of it 
and replace it by modern equipmefU, We understand that fhe Electricity and 
Qm Supply indmiries are prepared to advise on this matter. 

Avoidance of shadows : 

It appears that there are still cases in which troublesome shadows occur, and l 
we suggest therefore that our former recommendation should be retained. It rum j 
mfol^s: 

(7) Adequate means shall be taken, as far as reasonably practicable, to 
preveM formation of shadows which interfere with the safety of, or cause dis- 
comfort to, any person employed. 

Substantially the recommendations of the Fourth and Kith Reports are . n 
the same except in one very important item, the recommended minimum ^ 
iUumination for working areas, which was increased from 1 foot-candle at » 
floor levd in Fourth Report to fl-foot-candles at throe feet above flooi ^ 
levd in Ihe Fifth Report* 

fMs very etart&ig increase in a period of lees than two years was 
due to war factors. Wmb, the very much longer hours of 
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Committee to be entirely 
satisfied that ills which had m the past been attributed to bad light.mj r ^ere 
not only undoubtedly due to this cause, but that their effect waf very 

increased progressively as working hours undw 
artmcial light increased. ® 

Second, quantity and quality of production for the first time became a 
Jjational as distmct from a pnpte interest, and in framing recommenda- 
tions for proposed legislation the Committee were able to consider dmI 
tivdy, evidence as regar^ improvement in factory output and qi&ty 
wtoh previously they had been entitled to consider only negatively as L 
offset to the cost of any improvements introduced from the welfare uoint 
of view. ^ 

The Government in the person of the Ministry of Labour and National 
Service, who have taken over responsibiUty for this particular aspect of 
^u^ry which was previously handled by the Home Office, accepted almost 
m tofo the recommendations of the Fifth Report and drafted^ legislation 
ma^ the adoption of these recommendations compulsory in all faoto«^ 
working more than 48 hours a w^eek. 

Section 6 of the Factories Act, 1937, permits the Minister, by regulations 
to prMcnbe a ‘sufficient and suitable’ standard of iUumination for all 
factories. This w^as cjone as : 

Statutory Eules and Orders, 1941, No. 94 
RAOTOBIBS 

The Factoeies (Standaeds op Lighting) Regulations, 1941. dated 

Jastuary 14, 1941, made by the Minister of Labour and NAiroNAii 

Service UNDER section 5 of the Factories Act, 1937 (1 Edw 8 & 

kcTOEi^"' STANDAED of LIGHTING FOB CEBTAIN 


In pursumce of section 5 (2) of the Factories Act, 1937. and of all other 
powers enabhng him in that behalf, the Minister of Labour and NatioS 
Semce hereby makes the following Regulations. 

1. Subject as in these Regulations provided, these Regulations shas 
apply to feotones m winch persons are being regularly employed in a procS 
than 48 working hours a wpek, or ffi s^s, trovided 
!tot nothmg m th^ ^gul^ions shall be deemed to require the provision 
fl * standard in any building or structure so co^truoted 

/^^aWy practicable to comply both with such require-i 
defence requirement as to the non-display or obsouSpn 

g^ralffiuminaiaqn over those interior parts of the faotcfrv 
employed sfaaM be not le^ than 6 foot-oan^:, 
merited in the horizontal plane at a level df three feet abov^ the floor • 

,'ttia.tt^adatdi,_^thft«g|nstal .iliiEin£batidh''4t 
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’ be not less than 2 foot-oandles, and where work is actuaUy being done 
the rnnmination shaU be not less than 6 foot-candles or the greatest ! 
reionably practicable illumination below 6 foot-candles. * 

th\ The illumination over all other interior parts of the factory over which 1 
nersoL employbd pass shall when and where a person is passing be not less 
toan 0 '6 foot-candles measured at floor level. 

The standards specified in this regulation shall be without prejudice ; 
to the nrovision of any additional fllumination required to render the lighting ; 
ufficieL and suitable for the nature of the work. 

q —(a) Where any source of artificial light in the factory is less than 
8ix4n feet above floor level, no part of the source or of the lighting fittmg 
a brightness greater than 10 candles per square inch shall be visible 
Jo^SonsSt nofmaUy employed within 100 feet of the soimce, except 
whOT? the mde of elevatira from the eye to the source or part of the fitting , 

as the case may be exceeds 20 . • i v j • j * mi • * I 

lh\ Anv local light, that is to say an artificial hght designed to lUummate 
particularly the area or part of the area of work of a single operatiye or . 
S group of operatives working near each other, shaU be prodded with a 
Sabk shade of opaque material to prevent glare or with other effective , 
which the light source is completely screened from the eyes of , 
OT^in employed at a normal working place, or shaU be so placed that ^ 
no such person is exposed to glare therefrom. ' 

teV So far as reasonably practicable, arrangements shaU be m^,, by ; 
«nhaWescreening or placing or other effective method, to prevent disrom: 
fSt S Se mflection of fight from smooth or polished surfboes, 

into the eyes of the worker. ! 

4 Adequate measures shaU be taken, so far as reasonably praotw^le, ^ 

to pTCvent the formation of shadows which cause eye-stram or risk of accident | 

to any person employed. i? 

■ 5 —(ol Where the Chief Inspector of Factories is satisfied in r^ct rf i 

anv na^cular factory or part thereof or in respect of any desjsnjption of | 
WOT^m or process that any requirement of the^ regulations « y 

""amte or is not reasonably practicable, fie may by certificate ^ I 

^wMeh be may at ifis discretion revoke) exempt the fectory or part th^eirf | 
OT dhscription of workroom or process from such requirement to such extent, I, 
and mbjeot to such conditions as he may specify m the certilioate. . . 

m Regulation 2, (a) shaU not apply to the factori^ ot parts of 

to Itet I of to S*odto to ““ “Sl 

in Re^tiOhS shaU apply to the parts of factories specified m Part M of tto.| 

6 tA' Begdatiems: inav be cited as. the Faetbrite (Sto^vds • of. :i 
Iightog)3^»bioaa. 1941, and shaU copie kite, force on the ^t ^y ^ | 
February,]^!';. ■ 

Siga^y Order of the Miiuster of fiaboar ani 1 

\ ; ' loar^th'day <£ J'^u^,'I94i; '' 'V ^ 
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SCHEDULE 
Part I. 


Oiaeiit work'^. 

Lime, whiting and plabter works. 

Works for the washing and grinding of limestonu. 
\rork:5. 

Coke oveji works. 

Electrical stations. 

Flour mills. 

Provender and compound food mill-, 

Mailings and breweries. 


Parts of factories in which the lolioving are carried on: 
Concrete or ariihcial stone making. 

The making of tar-macadam or other road materials, 
the conversion of iron into steel. 

Tho smelting of iron ore. 

Iron or steel rolling. 

Hot rolling or foiging, tempering or annealing of metala. 
Glass blowing and other working in molten glass. 

Tar distdling. ® 

Petroleum refining and blendhig. 

Extraction of petrol from shale oil. 


Paki il. 

Cebtoioate of Exemptios : Chemicai, Works 

In puKiuance the power conferred on me by the above Reimlationa 
I hereby exempt from the requirements of Eegulation 2 fa) of the Bemila’ 
tiom, worl^ooms in chemical works in which processes in the manufa^ire 
of chemicals are earned on, subject to the foUo^g conditions : 

The general illun^tion over those parts of such workrooms where 
work IS being earned on shall be not less than 2 foot-candles and the 

tte ^ 

of “ * 

A. W. Garestt, 

PAtmiRY Depaetmexp, ofFui ^ m . 

MensTBY OP Labottb Airn Hational Sbbviob. 

19th February, 1941. 

#* 

Cbbupicatb op Exemptioh ; Danoer Bemomas op Explosivbs Works 

1 f P<»^er conferred on me by the above BegolationB, 

1 herebj exempt from the requirements of Reguletiom 2 (a), 3 («) and 3 (6)^ 
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of tho Rrjgnlutituu'. danjiCT buildings of e^qilosives works which are .it present 
lit hr buikhend light- or external lights, or in which, on account of the risk 
of aie or explosion du»' to the pre-enoe of explosives, the nature or position 
of the lighting fittings is -pcoiaed for the building in a licence crnnted bj 
the Rerretary of St.ite under the Explosives Act, 1875. 

A. W. Uaercti, 

H.Jl. Chief Inspector of Factoni > 

KA<ti»KV DFriJiiMEsr 

Mimstkv ur LABort! in'i Niriox^o. Service. 

l’h(> Apti}. Ibtl 

t opies of the RecfuLitioiw c.ui be obtained trom Hi- ilaje»ty Htatioiieii 
(‘aue or thnmeh any biiok-cliei. price Id 

hi a letter dated 15th October, 1940. ‘-ent to all employers, likely to be 
.ifleited by the new lighting regulations, attention was drawn to the follow - 
Ilia itoiiit- • 

S( 0 |K' of the Regulutioiw 

li I- only pinpwd at pnernd to apply the Uegulations to those factonts in 
iihirh ptr^ortf, me lniny reguhrly employed in n process or processes for more 
than Jorty-uyht mrking hoars a mek or in ediifls. This does not mean that 
Xmr lighting is unhniiortaiil in other factories, but in present circumstances 
ligliiinq impruanimts may raise the quection of priority of supplies; and 
irhn Ik lighting is not aln aly up to the standards of sufficiency and suitabUify 
•ptcifiid As thipromiient is pnrticukirly important in the case of tfyxefadories 
in n'hieh long hums w ships ate briny icgularly u-orhd~-fhese, being, broadly 
^linking, fht factories in nhkh work of specinl national importance is being 
dime at high pressti.r a ml mi h is carried on titan exceptional esAent by artificial 
light. Tht Vhuf Inpcrlor would have power to grant exemptions from par- 
ticular nquiiuHints of the Megulathns in s/tecial cases where they are inaj^ro- 
printi or not reasonably practicabh . 

Hiifticiency of illumination 

Regulation 2 fcqums,for interior lighting, at least & foot-cauddes in parts 
tn irhirh pirson? are regularly employed, and half a foot-candle in ether parts ; 
bid this dati not tiuau that highr illumination need not be provided for special 
ehiSafs of work. Tin 0 foot-candle standard is based on what is now usmlly 
accepted as good illumination, enabling ordinary work to be done with ease and 
affording reaaoniihh amenity to the leorkm affected, Proviskm is made for a 
tower etandanl than 0 foot-candles in certain cases where structured diffievUm 
are inralred (see the proviso to ReguMion 2 (o)) ; some dosses of works or parts 
of works are exempted from Regulation 2 (a) or from the whole Regulation {see 
Schedule to the Regulations) ; and for o&er exceptional cases ^ere is die Chief 
Inxpeciads power of exemffiion. 

Many employers do not know whether their lighiing provides an iUuminidion 
of a spetifird nuniber of fool-candles, and this cannot be accurately ascertained 
without a light-sfeasurii^ instrumerd. To hdp mphxym to find out whedier 
their present lighting requires improvemeid in order to attain the standards 
prescribed tn Regidaiion 2, the Talks printed as cm Appendix to this kder* 

> Beproduoedl is tlw Appmdioce totjal* book. 
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awe pvblM by the Factory UgJitvng Committee ; they shnv whether illvmi 
muons of 6, ^ am | foot-candle at h&mli or floor level are likely to he aiven witl 
typical electric lamps at various heights. It should be noted that : 

(i) The tabhs have been prepared primarily to assist in checking existim 

lighting ; it is recommended that new installations or improvt 

mmts should only be carried out in conjunction with expert advice. 

(ii) The tables are based on the use of efficient modem types of rejectors 
and lamps ; if the reflectors are shallow and unsuitable or dirty or the 
lamps are old or dirty, much lower illumination will result. 

Reflection from light-coloured surroundings. 

The mere quantity g light ^ovidedfnm the light-source is by no meam the 
adyfcgoi in gocd lightiy and presemt conditions have emphasized the import- 
arm ofrehevi^ the effects of the black-out by light-cohured surroundiFngs, rmlls 
ceilings, insges of roof shutters, etc., which add to the general brightness of a 
room, affwd an effe^ive background to dark objects and at the same tLr 
im^e the Mumi^tion derived from a light-source of a given strength. The 
Factory Lighting Committee attached great importance to this. 

Standards of suitabiKty. 

Glare aid geforrmUon of objectionable shadows are common features of 
miable lighting. There are many factories in which the illurnination is 



iwcreose ttie accident risk. Marked, shadowfat '^^^ 
imr ttie work or across.gangways, etc., may also impair eMciencv and lead in 

R^uMions Zand 4= are des^ned to secure that the lighting is up to 
a ceriam standard in these matters. ^ ^ 

hrinhUrZf^ Qas mantles me 

ongMer than 10 candles per square inch, and Beaulaiion ^ ha<i fho 

wtA reflectors ofsuitabU depth or d^usij^ 
amfe. Such fittings^ if of modern design, may also ensure proper conce'^rafi^ 
m,.a.m rbyrla«, <,/ <clUv.iMle m’ 
autiffuafed nttinas are st ZZ awr annii 



la*'' ft *.v ^ tfc- f^wwrmjwtiions oT me intensm 

S^ktum 2 wittiovt any i nerease in ttie power of wattage of lamvps'. 

Thte following questions, which serve as a useful basis for ahv ftctm-i- 

“*>>^8 of * pitioS wcS, 

^ ^ 

^ prying on the work ? Do .the ' 

to p« fato'ts,. 

machmery or ifiant;adeqh&l»Iy 
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Suitability^ 

1. Is the v/hole area made use of by the workers sufficiently lighted ? 
Do the light sources flicker ? 

2. Does any near source of light shine" directly into the worker's 
eyes ? If the sources are shaded, are the shades deep enough ? Should 
the sources he raised ? If highly polished material is used, is adequate 
pro^’ision made for the prevention of reflection ? 

3. Shadov^s. Are the light sources placed to prevent the shadow 
of any worker or any part of the plant falling on the material worked 
on ? " Would the provision of additional sources tend to eliminate 
shadow ? 

To sum up, here is the B.T.H. Factory Lighting Code, which throughout 
industry sl'tould be the ideal at w’hich to aim : 

1. The lighting of the factory should be regarded from the point of 
view of the inhabitant, and not from that of the casual observer. 

2. The illmnination provided must be adequate and suitable. 

3. Glare, whether direct or reflected, should as far as possible be 
eliminated. 

4. Shadows, winch interfere with the safety of, or cause discomfort 
to, any person employed, should be avoided. 

5. Remember the value of the psychological factor, and make the , 
surroundings of the workshop as bright and comfortable as possible. 

6. Maintain all installations in a state of cleanliness and efficiency* 


CHAPTEB ELEVEN 

PRODUCTION, ASSEMBLY AND INSPECTION PROCESSES 

LL of the problems discussed in this chapter are found in a wide . 
Variety of industries and the methods by which they are solved; 
are applicable fo most industrial lighting problems. The investi- 
gator determined the visual requirements of every process concerned artd 
then decided upon the most satisfactory illumination &om the standpoint 
of quality, quantity, direction, contrast and brightness. Investigation 
then continued to discover the best methods of providing this iflumination. 
The resulting solutions are the best possible ones, though not the only dnesj 
under given conditions . ' S. ' ! ' ’ ^ ' 

Each problem investigated Involved visual tasks more thm usually 
severe^ and in each instance an effort was first made to discover 
several lights from fixed sources spaci^ more or less uniforiply hhrdughput 
the area would be satisfactory. Experiments iVere made with kyels of 
illumination -Up to 90 foott-candles, provided by standard equipment ^d 
utilizing both incandescent and gaseous iilumihations sMgly and m c<:^ 
binatfon* In no instancy was this found entirely satisfaetbry; This prist. 
i|ot be 'construed that general Ughtihg. of ;ah’ Industrial aj^,,|S';uhn6<S€ri^^^ 
br that local fighting, atonels^suffioirintv/ o'’''" 

, ' Research' into- the, complex proce^' of •shd'fm' the ,heewity ’for: 
'fighting the enthe; surroundings 'of 'the ob3eet^w;'wolI;'as^t^^^^ 
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and fui’ther indicates the desirability of a value of illumination of surround- 
Ixigs approaching that of the object. While in many oases it is not at 
present practicable to meet this condition fully, general lighting, where 
local lighting is necessary, .should be materially better in quantity and quality 
than has previously been the case. 

From the standpoint of age, health, v/ork, comfort, psychology and 
conservation of energy, there is no question as to the value of a complete 
lighting application. It is well knovni how gloomy and harsh is local 
lighting surrounded by darkness, as contrasted with the cheerfulness and 
stimulation of a well-lit interior. Therefore the values of general lighting 
as laid down by The Factory Department are taken for granted. Safe- 
guards such as freedom from glare and reasonable uniformity are also 
implied. 

As an example of an industry utilizing many industrial pi’oduction 
processes, a factory specializing in radio sets is excellent from all points of 
view. 

Beginning in the production laboratory’' where new designs and models 
are built and tested, technicians are accommodated at benches along the 
walls or back to back with a high fence between. On these benches the 
new models are built piece by’' piece until the complete chassis is ready for 
testing. This process naturally requires considerable manipulation of the 
chassis as it is taking form, and the handling of small parts and connections. 
The light meter read 50 foot-candles for the average job, with requirements 
up to 200 foot-candles for finer details. General illumination of 15 foot- 
oan^es is recommended here, with local lighting provided by two deep 
concentrating reflectors with 60-watt lamps on flexible arms for each 
worker. This will provide the maximum illumination required. Flexibility 
of control of the light is highly?' important in order that the engineers may 
follow the position of the work, and maximum shielding of the light source 
to avoid glare must be secured. 

The tool design department of our radio factozy is the department 
where sharp detafl drawings are made on regulation draughtsmen’s boards. 
This is often done in places where the ceiling is of usual factory type, not 
permitting standard indirect lighting. Local lighting, cr general lighting 
fmm smafl sources, does not pxovido the necessary diffusion for illuminating 
the objectionable shadows around T-squares and triangles, and often gives 
rise to harmful reflections from shiny paper and instruments. 

A large, indh’ectly lighted canopy approximately four feet square (about 
the size of the usual draughtsman’s table), suspended over each table and 
about eight feet above the floor, with a unit of 600 watts, pro\ides diffused 
illumination of 40 foot-candles. 

Tool-making is usually done in a shop containing layout benches, 
sensitive driUs, presses, shapers, milling machines, grinders and lathes, 
ftobably the most difficult operation is that of scribing at the layout 
benches. It has been the custom, because of inadequate artificial light, to 
place these benches beneath the workshop windows. The daylight thus 
used is generally supplemented by local lighting, but the flien usually cease 
work when daylight is insufficient. 

This causes great loss of output at considerable axpen^, because these 
isen are most sMlled and highly paid. Proper artificial lighting is therefore 
of great value. 

I Ixfereme accuracy is absolutely c^iseniial in scribing. The operation 
I of a toolmaker placing a block of tool steel upon Ms layout bench, 
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ofshnrpi^tecl insinOTcnte. geometric designa such as 1 

The scribing uivoi\e& ail '■5T® P THp^soribin" instruments bite * 
InTgular curves, lo that the resulting visual job is 

vhrough the copper Lahi^st the copper background. This 

that of seeing the ^“Sshe? oL ^ b?i|M or speclilar, and the 

Sri mtB":; diffusing. Therefore there are two ways in 

in .such a way that the refteetion . ' the scribed lines. But 

becomes so the surfaL from the side, and the block is 

if the light is dmected obhqi e j _ scribed lines are normal to the direc- 

;r “«*“ • 

nJ:''Srb. b,. tKe light 

which has been gouged ^4rth g^ace of the block is reflected away 
while the light striking the ano . tie 45 degrees or more 

from the eye. ^he Section oyh 

from the vertical and its -cj„e At least 50 foot-candles of 

is illuminated lengthwise as well as erossmse. 

illumination is necessary. ^ jg another possible 

In the case oi a “^“XhSrdiS, the light can he directed 
method. Since the /J„SfSh7wSr, but at an oblique angle. 

stancKng out (krkly couged-out cavity with rough ^ckets, ^ 

„ S » v^afr ^ **” 

trasfc «ith the sui&ce an anele of 4S degrees or more 

" The incideot light .™y to the 

*A ItoStermStofta Of .holt' 100 foot-oMdleS » neeeesMj &r , 

*”1h?i“V eootfo M to ■: 

leto wt to meet the direetioMl mqotomeott, : 

Two ahernatives tiJh a wdd-Sielded 60-watt lamp, mount^ . 

™ldiSfe“i^«~ll L ?p to tto hto htdpgle tod^;..; 

; -^^Wger ae., two - 

tory, riieito^h*®^^,^,. ^ j^guse ihey we m Ihe 

. annoyance when iottchpd .o®a veiw deep. Whfe l^-sii#e,;i^ 

Jfotiee should be tak® are io wied, and 'Wdskw* 

under <^ntrolof |he work^.but 

, :,::so; definitely; •i*'”,.';;; '5, 
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Similar reasoning applies to lighting of the work on the machines where 
the dies and tools are made, for the same block with its scribed lines is simply 
transferred from bench to machine. Local lighting is, of course, necessary. 
Due to machine limitations the size of the lighting equipment is limited while 
flexibility is of the greatest importance. Not less than 20 foot-candles of 
general illumination is desirable throughout the tool room. 

The press room. Here the dies iSnished in the tool-making department 
are placed in the presses and stampings made. 

A difficult press operation is where all the holes are stamped in a radio 
chassis on one operation and some of the holes extruded for threading in 
the same operation. Three plates are used in this process. The upper 
plate, containing all the punches, is attached rigidly to the movable jaw 
of the press. The middle plate is a stripper through which the punches pass 
on their way down to punch the metal sheet and which strips the metal 
tabs from the regular punches when the jaws open. The lower plate is 
the die plate. The blank metal sheet of appropriate size is placed over the 
plate. 

The breaking of punches is a frequent trouble. This is caused by the 
small punehed-out metal pieces adhering to the extruding punches as they 
are dmwn out of the die, and which are not stripped off because the tabs 
are smaller than the holes in the stripper plate. Due to lack of light, the 
operator fails to notice them clinging to the punches, and in the next opera- 
tion they cause the punch to snap off. Also, very frequently these small 
taetal pieces fall off on the flat surface of the die, and when the operator does 
not see them a lump is raised in the chassis during the next operation. 
^63} a punch is broken it means a great waste of time for repairs, and also 
£1 to £2 for a new punch. Thus it is most important to have the press 
properly illuminated so that when it is open after each operation the worker- 
can see at a glance any of these small metal pieces and remove them. 

^ The usual way of lighting the presses is to hang a bare 60*watt lamp 
with wire guard behind the jaws of the press just high enough so that when 
the jaws are open the operator cannot see the lamp. The light falls upon 
the oily film on the die plate of the stripper plate, if there is one, and is 
rteflected specularly to the eye. If any foreign material lodges on either of 
these plates in the line of the path of light it can be detected only by silhou- 
ette., Since the light source is small, there is only a tery narrow path of 
light across the plate and anything not in this path is apt to be missed. Tjfie 
oiidersides of the punches are supposed to be illnminated by light reflected 
from the oily film on the plates, but generally this light is: so feeble as to 


V From inspection of this probiem it appears that standard lighting is a. 
top in, the right direction, but needs tb be amplified to make it ideal, 
:Bocause of the conistruetion of the press, the Bght must be thrown in obMqhely . ^ 
little is seeh: by direct Iflhmination. It is more by silhbuette that the 
Mle nietal pieces can bb detected. They He betw^qen the refiectibn of the 
. ^t sourt^ in the qfi film, and show up dark against a Bght bitcfeohh , If ; 

tee.therb mu^ hb :a''large^Hght' sbn^ a-reflected,-^ 

-nnifdrm 'Appekranbn la^ghtfresi 'over' 'platb/- "A ' ' 

®n&h^;trongh ‘foflbctbr, l^yi^’dpal glass tflie 
^ tdgiye 

of. thb :tranmno^t ' areh i’dirbofeil* 
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of ill© trougli bekiad the jaxvs of the press is determined by the mechanical 
construction. 

When illiiminating presses from the rear, vision is almost entirely by 
silhouette. Under these conditions, less light is required than when vision 
depends on direct discrimination of detail. Similarly, elimination of direct 
and reflected glare is highly important, otherwise vision will be obscured. 
Under these conditions illumination of the order of 2 foot-candles is enough. 

In actual practice, two mechanical features are often found ivhieh 
seriously interfere with the execution of lighting from the rear. On small 
presses, with small parts, compressed air is often used to speed up the opera- 
tions by blowing the part out of the die into a container or chute at the rear 
of the press. With this chute it is impossible to use a trough and the sug- 
gested arrangement is to use a deep half-shade on an adjustable arm and 
swing the reflector around to ono side of the front, preferably to the left, 
throwing the light in from the front. 

In such conditions vision depends upon reflected light, and since the 
objects to be seen are dark coloured, more incidental illumination is required 
than in the ease of rear lighting. About 10 foot-candles illumination is 
fotmd necessary. 

The second mechanical hindrance is the practice of using two operators 
per machine, one at the &ont and on© at the rear. This is often the practice 
on large presses ivhere two or three operations are carried on. The feed 
operator places the blank and watches the first operation, then the second 
operator takes the part from the first operator and places it in the second 
set of guides and watches this operation. Sometimes as many as four 
operations are carried on between them. The position of the second 
operator precludes any possibility of mounting a full-length trough reflector 
at the rear of the press. Due to the possibility of these multiple operations 
on all large presses, a compromise is to use deep half-shades on adjustable 
arms at Oach comer of the presses, adjust the lighting units to be free of 
the operations and of the operators, and direct the light into the jaws of 
the press. This is an unfortunate departure from the normal as the light 
sources are not of a diffused nature, but are concentrated in small reflectors 
and produce streaks across the oily surface instead of uniform reflection. 

' A satisfactory solution for all lighting unit positions is to use rectangular 
reflectors about eight inches to twelve inches long and three inches to dk 
inches wide, or round reflectors of equivalent mouth area, with a diffusfrif 
niedium of opal glass or plastic translucent material over the mouth of the 
reflector. The^ would be mounted on adjustable anns so that the refleotonS . 
could easily be adjusted to throw the niaximuih light into the press and yet 
dear the movements of the operators. If glass is used in the reflectors a 
guard sSbould be provided.' , ^ ; ' v ' 

Generd lighting of press rodtaas approximating 10 fdqt*candles is desir- 
able froni the standpoint of safety, cleanliness and comfort. 

. The shop in our radio factory consists of machines for 

facturing small machine parts, such as. scre^g machine, lathes, speeial 
miHiiig machines, etc. In order to see the fine def^ of t^^ adeqpatelyi 
.m wiffl as ineohani^ of the machin it is necessary to 

)^ve agbpdl^TO;bfgeneM:ifluinim more) tordfiei^' 

the harsh mntmUM the wor&g area, and k addifeion 'to 
local ,Hghrihg/ to; fight the; tO: y^ues' qf'^'jio 
,■ S|nca theApemt^mis are^soi'diye^ifi^, andthe'|H&t;th!ht''& 
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local lighting units. This can be accomplished best by use of a deep shad 
on an adjustable arm. 

Sheet-metal fabrication involves work on layout benches where scribiiii 
is done, and work on the forming benches, shears, welders, drills, etc 
Sheet-metal scribing is a very exacting task because of the accuracy whiel 
must be maintained in scribing the lines, and because the linens are ver^ 
hard to see due to the lack of contrast between the line and the surface. Ir 
addition, the surface reflects everything within the field of view, the ceiling 
pipes, walls and even the face of the sheet metal worker. 

With these confusing images it is difficult to make the scribed line? 
stand out in bold relief, or contrast well with the rest of the polished surface 
This can be accomplished by erecting a light canopy over the sheet-meta. 
table, its size approximating to the size of the sheet worked upon, and 
arranged so that a uniform reflection is obtained in the sheet. The bright- 
ness of the canopy should be low, not exceeding 500 foot-lamberts, so that 
the reflection is comfortable. 


When a line is scribed, by means of a sharp instrument, on the polished 
surface, it causes an interruption in the reflection of the canopy ; thus the 
lines stand out in strong contrast, either lighter or darker than the baok- 
grbpid, depending upon the operators’ position^ Under these conditions 
it h easy aocura^tely to scribe any geometrical design. 

On the fonning benches it is necessary closely to watch the scribed lines 
and eliminate confusing images, Accordhigly the same principle holds good 
and the same type of equipment is satisfactory. Over the guilldtine a 
length of trough equal to the length of the shear is essential ; arid over the 
shear, a long narrow trough, centred over the narrow space behweeh. the 
guard and the shear blade, produces a narrow band of light on the sheet to 
be cut out, The scribed line can then readily be seen and accuracy observed 
^ in shearing on the line. , 

^ An fflumination of approximately 40 foot-caUdles is reqtared and bah 
be obtained from a trough using 160-watt lamps on eighfeen-inch centres 
when the trough is placed seven to eight feet above the floor. A genera} 
illumination of 16 foot-candles is recommended here. ' 

Wax engraving consists of stamping and feuiiding. A copper plate is 
cove^ with a tmn layer of white A plate of type, contaMog the 
I , requhed data, is stamped down under pressure into the Wax. ; .!J!hia leaves 
: shadow, irntpresaibn. 

; It is then n^ssary to bijSd up the babh^nnd with ^ax, xestdting hi 
ieep impresriqim for thek^^ apq figures. fe done sp titet when the 


^ mnpaihg m of molten wax around these smaH impresstens is moht exsic^ng 
doHoate. A strip of wax is field in the left fi^d against thfihuii^g - 
loqfi' vsrfiicb has a head similar In .shape to a sihaU ^Iderfiig 
|Ctet^ ;and is field In the right hand. Because the fiuddtog tool is hb^ 

melts, flows down' to the.lShe' tip,-ahd isdistributedifiy tfiis ' 
;\^’i^bund the impressions' as the wax runspC/' , "''’"/'i 

‘Becfiu’se'tfiedetafl consists of sfiadow'impressibfis,;tfie greater 'the efih^dbwv' 
and^tfie greater tfie'‘resfiltiug,vi^bfiity,: y^ 
suifape’df the, wax is glossy enough' to reflectdb|ectibnabfe__Kmr'. 
Ijlgfit j^ce k' ,%i^e ^htmg;’- 

'a'd^adenkg ^ 
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T T M» the impressions was decidedly reduced. CoBsequeiitl) 

'5iiado\\ eiitLt . controBins the light that it is swept across 

thepKbtoi i'e» yrf ^^^““'S“|S^ low-brightaess »ni®. 
,ho Vv» tb. light oodd only com. 

In order to decoi diffused quaUty of the light coming 

itom the f*ont._ - „o-i, » window was ideal, the engravers 



wishing to nltilize sairq3y wh® Ihe ffl^tion feU , 

.SrTn. °CS^ a,rong.m«.t io«. in ti. 
ISk «s toclipod. , Ah ot » to^^dlo. m reqnncd on 

n ^SSifiSs at a bench. At the back of the bench are vertical 
with ‘f wheie parts are stored within handy reach of 

"^h^'afrl TE vertical sections are divided into compartments approia- 
Sito tor^ fit Sr^ches long, and each compartment ib n^ W 
Tw“is a fpirl eveiT three feet six inches workmg on some part of the 
limbly of“a chassis, and when the end of the line is reached the chassis is 

compkte^ead^^fOT^pe^ in snch eircimistances consists of meeting the, 

^“Y^rtSf uSthig of the terminals and parts to which connections are 

from the side t6 eliminate the shadow of the workers’ 

^®^?‘Tivhtina units mounted high enough to be out of the way of both 

XfXiSie “iK »»; or Sol tber, rfll bo »ougb from .be oto. 

“‘■‘rEXXb®*- of “8“ ?“■ “0? '“i 

frnm the Stronger fitting will be so dense as to make it diffid^t to see.^toiu 

S £ SXt tbo o*b«r oblo- ™‘ tbo me of . 

ot wattage “ 

XataLaimam.. The heat i. a very important ooaaidecatma. and tw 

: '““Atf *e‘SoX'sSX1SX fflnmtaation ot, 60 foot-e.^: 

; wia^S' to itten detail and required a-toosfc double theJJ^fag 

flu*. A thiisl method, was tried, tim wto of shad^ 

■: ^detrftheweh.ifi ftontof e^b ^1., J.h^,^ptoaiicean«rw,^ , ,,,, ,,, 

■ b • /way' dfreetioiaiavuiut; with^ .maxunum' w^’ 
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semi-diffusion, which eliminates distracting shadows but still gi^es hight 
lights to prevent wire and terminals from being flattened into the back- 
ground. With a 150-watt lamp the proper amount of illumination was 
obtained. The units were spaced three feet six inches apart and thirty 
inches above the working plane. Throughout the room 10 foot-candles of 
illumination was necessary. 

When the radio chassis have been released for inspection they are carried 
by a trolley conveyor to the cabinet assembly room where they are installed 
in the cabinets. The cabinets are placed on a roller conveyor in an upright 
position. Then the chassis are put in from the back and screwed into place 
and the dials are put on the front. 

The lighting problem is a matter of general lighting with a heavy vertical 
component and close enough spacing to have a good overlap so that light 
will come into the set from more than one side. Standard lighting equip- 
ment having maximum candle-power at approximately 45 degrees and 
adequately shielded to eliminate glare is satisfactory. Vertical illumination 
of 10 foot-candies is adequate, and will be obtained when a general lighting 
of about 20 foot-candles is provided from each equipment. 

When a radio chassis leaves the assembly line it goes to the preliminary 
inspection table. Here the inspectors use button-hooks and pull on every 
connection to see if there are any loose |oints which will give way under 
stress. Then they check the circuiting with batteries and ammeter. TWs 
is very close work and requires speed and entails severe eye work, since the 
j^ycs are darting here and there very rapidly and continuously, taking in 
every detail. The metal parts are of matt cadmium plating with fine solder 
pOmts and then upr^ht terminals.. Afeo the inspectors must bend over 
the set to see the connections on the fer side of the set. . 

The problem here is to light the parts from every direction and at* the 
same time avoid the shadows of the inspector’s head. Wejl-dffiused lighting 
of about 75 foot-qandles is desirable for this work. 

Several trials were made and two considered saiisfaetory. The first 
method was by means of a large diffusing canopy four feet square and 
mqunted seven feet above the floor, using SttO-watt shielded bowl lamps, 
wbioh eliminated the possibflity of shadow from the inspector’s head or 
bands^ in the set. 

; The other method was to use four large industrial reflectors with 200-watt 
^ gelded bowl lamps so arranged in a cluster above the bench so as to mmu- 
late a fairly uniform diffusing surface of large area, similar, in fact, to ihe 
itopy described above. WMe this doee not give the degme of <fiffui^on 
cfiihe canopy it is a satisfactory solution and a practical economic com* 
General lighting of about 10 foot-candles is desirable ff the tables 
jKliin a large area. In a small confined area the reflected light from the 
Mttes produces comfortable seeing conditions. . , 

: |/; The inspection of the* cabinet for flaws and scratches is particularly 
itl|oitant. ImpeHectioiis in the smootlmess of th^ 

^ order to see. these imperfections and to eliminate specular reflection fro^ 

p fe heoCtory Ih direct the’light bn to the 

There should be literal spread to throw li^t 

!l^'thesid^,aa a ^man stands 'in front of the \Thei|itaimty;shOnH'/' , 

home, where the radios' will be need'':' 
idppim, have flmirebhah^'a) fpotrCano^ &romd ih'eredio .set/ , 

wobdworhv found that 40 foot-' / ^ 
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Tn eomolv with these conditions a parabolic reflector was used with a 
W watt kmprnd a s^ead lens to give side spread, mooted twelve feet 
fS^d Sed five fSt apart. It is necessary to mount these reflectors 
M A X down Quite obliquely 30 degrees 6om vertical to prevent 

high 8?*^ r ^Qj^ers X are putting the finishing touches on 

glare m ^ , cabinets For the work behind the cabinet inspection 
the chassis in the . ^“v^tely 20 foet-candles. This iUumi. 

thXliei level of oblique illtmmatta toeted 


condition. 



appendices 


I. Unito and Teems . 
n. Poot-Candlb Intensitibs 
nr. Tables and Data— 


PAGE 

100-102 

103-109 


CoBFnciBNT OP Utilisation 
Boom Index 

Puss WiEBS 

APHwxmTB Cdiebnt IUtino OP IVsb-L^^ . 
Maintenance op ItFOBEsoEN-T Tdbbs 
Rating and EmciBNoy op Inoandbscjnt Damps 

• ‘ • • . 117 


. 110 
• 111 
. 112 
. 113 

114-115 
116 


118 


HoDBS op DrOEXlNO in, a Ybae ; , ' . 

* . • • 1 x 11-120 

• • • * • . 121-122 


CoNVBEsioN Tables , 




I 


UNITS AND TERMS 


Bbigsthbss : The brightness of a surface should not be confused with 
the illumination received by it. Any object emitting or reflecting light is 
said to be bright, and through the fact of its brightness, is visible, ^e 
degree of brilhanoy of any part of the surface or medium when viewed from 
a designated direction may be measured. Glare may be caused by extremely 
hi gh brightness or by excessive contrast of brightness between two surfaces. 

Brightness is the quotient of the luminous intensity of a surface measiu^ 
in a given direction by the area of this surface projected on a plane p^- 
pendicular to the direction considered. (In practice no surface exactly obeys 
the cosine law of emission or reflection— hence the brightness of a sur&ee 
is usually not uniform, but varies with the angle at which it is viewed.) 

Various units of brightness are used, the two units appearing in this 
book being as follows : 

A brightness of 1 canMe per square inch indicates that each square inch 
of projected surface is emitting 1 candle-power in the direction being con- 
sidered. 

A brightn^ of I equivahni foot^niU is the average brightness of any 
projected smface emitting or reflecting 1 lumen per square foot, i.e., if a 
piece of white paper, which has a reflection factor of 80 per cent., is illumin- 
ated to 10 foot-candles, the brightness of the paper will be 10 x ^ 8 


equivalent foot-candles. 

The relationship between equivalent foot-candles (or foot-lamberts) and 
candles per square inch is such that 1 candle per square inch = 4524 equiva- 
lent foot-can<Hes, and 1 equivalent foot-oanme =0-00221 candles per square 
inch. 

OasrnLH-rowBB : The candle-power of a source is a measure of intensity 
of light given out in a stated direction. It cannot be taken as a direct ! 
measurement of the quantity of light emitted from that source, but know- 
of the candle-power of a source in various directions may be necessary 
in order to ascertain the illumination received from that source. 

If the source is mounted h feet above the working plane, i being the 
distooe in feet from the source to the point on that plane at which the 
illnmination is to be measured, and 0 being the angle between the direotiffltt 
of the ray of Hght and the vertical to the plane at that point, then the 

illumination received at that point will he I = P:— laot-candle{i» 
nrl =, foot-omdles. i | 

OB Umm.xton ; The proportion of the lumens pro(3||l 

ilwi whlirii vm3m the plane m work. It is dependent apc«H 
iind eqa|{m«itt oolour of walls and ceSiof^H 
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and the height of the light source above the of work THp 
j^rk «^usuaUy considered to be horizontal Z two°LZ\aIf 

lefleotors, walls and ceilines due to efficiency of th 

and dirt. A depreciSfkcto^shfSrZlrh?^^ 

mendations for foot-oandles of applied to the reoom 

in terms of average service or sustained illulxSoi!!®®® 

mea^eofdeJStowhi?haraSLSi]S!LSed°^inT^**^^^^ “ * 

evenly over 1 square foot of ^ '^^stributec 

md. Simaar|TlSu?peTtuaS^^^^^^ 

A source of I candle-power Sffi ^ fiwt-canffies. and so on. 

surface, every point of which^at a distance of Ifool *>ofc-oandle a 

« artifioial, at a ^^d^^ ® source, natural 

itself is invisible, but liaht * second. Light 

ie eye create an illundnate/imaw^^+^f^ object into the retina of 

^ i. 

Mt. One Imn^^ ® qnajtiiy of 
a uniionn point source of 1 candle-power. JVom this it follows 







' tm. aa—DIAGRAMMATIO REPEBSENTATION OF ONE LUMEN 
a uniform point source of 1 candle-power emits 4 * /^r i-i i 

tion is 621 lumens pw watt. ^®*“P emitting jnst visible 
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MODEEN INDTTSTBIAL UGHTIEG 


DiFTOSIOIf AJfP BEFLECTIOIf : 

Diffusing surfaces and media are those which break up the incident 
light and distribute it more or less in accordance with the cosine law, as, ] 
for example, rough plaster and opal glass. 

Bedirecting surfaces and media are those which change the direction of 
the light in a definite manner, as in a mirror or a prism. 

Scattering surfaces and media are those which redirect the light into a 
multiplicity of separate pencils by reflection or transmission, e.g, rippled 
glass. 

Beguhr or specular reflection is that in which the angle of reflection is 
equal to the angle of incidence. 

Diffuse reflection is that in which the light is reflected in all directions. 

Perfectly diffuse reflection is that in which the reflected light is distributed 
in accordance with the cosine law so that the reflecting surface appears 
equally bright from all angles of view. The reflection from a body may be 
regular, diffuse, or mixed. In most practical cases there is a superposition 
of regular and diffuse reflection. 

The regular reflection factor of a surface or a body is the. ratio of the 
regularly reflected light to the incident Kght. 

‘ The diffuse reflection factor of a surface or a body is the ratio of the 
diffusely reflected light to the incident light. 

The refiedion factor of a body is the ratio of the light reflected by the 
body to the incident light. It is the sum of the regular and the diffuse 
reflection factors. 

Diffuse transmission is that in which the transmitted light is emitted in 
all directions from the transmitting body. 

Begular transmission is that in which the transmitted light is not diffused. 

In such transmission the direction of a transmitted pencil of light has a 
definite geometrical relation to the corresponding incident pencfl. When i 
the direction of the %ht ia not changed the transmission is called direct. 

Perfectly diffuse transmission is that in which the transmitted light is 
distributed in accordance with the cosine law so that the surface of the 
transmitting body appears equally bright from all angles of view. (The 
transmission of light by a body may be regular, diffuse or mixed. In m^y * 
practical cases there is a superposition of regular and diffuse transmissilon. , 
It should be noted also that transmission factors as defined below refen to , 
the ratio of light emerging from the body concerned to the light incidieBt ; 
upon it. Reflections at the surfaces as well as absorption within the bom “ 
therefore, operate to reduce the transmission.) jl 

Since the transmission and reflection factors depend in general on > 
angle of incidence, this angle should be stated. If the is not 
Incidence is assumed to be practicaEy normal Transmission and refleciSd 
factors frequently vary also with the quality of light used and consequei^ 
it should be specified or the illuminant should be stated. m i 

The regular tmnmmim factor of a body is the ratio of the diffuOTjlf 
the incident light - W. 

The Imnmmim fador of a body Is the ratio of light transmitted byi|p' 
body to the incident light* It is the sum of the regular and the difif m i 
frietora. tar^ 

fke factor of a body is the ratio of the Ught absorbed by IHy 

to the incident li^t, (The absorbed light is the difference betw«H 
%ht and the sum ti the transmitted and reflected light) 
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n 


becommended foot.caot)le intensities foe industrial 

INTERIORS 



A%'erage foot- 
CftRclies recora- 
meaded. 

Kange. 

ASSEMBLING SHOP : 

Bough Work 

8 

■I 

Medium Work 

12 

Bia 

Fine Work 

20 

15-25 

Extra jSne work • . . , . 

35 

25-50 

BAKERY 

8 

6-10 

BOOKBINDING ; 

Folding, assembling, pasting, cutting, 
punching and stitching, embossing 

12 

10-16 

CANNING 

12 

10-15 

i CHEMICAL WORKS ; 

I Hand furnaces, boiling tanks, stationarj 
driers, stationary or gravity crystalliz- 
ing, mechanical furnaces, generators and 
stills, mechanical driers, evaporators, 
filtration, mechanical crystallizing, 
bleaching 

5 

4-6 

Tanks for cooking, extractors, percolators, 
nitrators, electrolytic cells , 


6-10 

fLAY PRODUCTS AND CEMENT : 
Grinding, filter pressing, kiln rooms 

8 

6-10 

Moulding, pressing, cleaning and trimming 

12 

10-16 

Enamelhng 

12 

10-16 

Colouring and glazing , . . • 

12 

10-16 

pLOTH PRODUCTS : 

\ Cutting, inspecting, sewing, pressing, cloth 
* treating (oil doth, etc.) 

Light goods 

12 

10-16 

'Dark goods 

20 

15-26 

mAL BREAKING AND WASHING, 
SCREENING: 

i Control pointe ..... 

^ Picking belts 

** 

3 

2—4 


16-26 

iAIRY PRODUCTS .... 

8 

6-10 

>IE SINKING . . 

■KiHH 

26-60 
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IIODBEN ISfDirSTBIAi, LiaHTJ&G 


; 

1 

. ---j 

Average foot- 
randies recom- 
mended. 

Range. 

ELECTRICAL MANUFACTURINa : 



Battery manufacttire, coil and armature 
blinding, mica working, insulating pro- 
cesses 

12 

10-15 

ENGRAVING 1 

Over 60 


FLOUR MILLING : ' 



Cleaning, grinding, or rolling . . i 

8 

6-10 

Baking or roasting . . , . 

H 

6-10 

Flom- grading 

20 

15-25 

FOUNDRY: 



Charging floor, tumbling, cleaning, pom- 
ing, snaking out .... 

B 

6-10 

Rough moulding and core making . 

8 

6-10 

Fine moulding and core making 

12 

10-15 

GLASS WORKS : 

Mix and furnace rooms, pressing, glass- 
blowing machines, polinhing 

5 

4-6 

'Grinding, cutting glas's to size, silvering . 

8 

6-10 

Fine grinding, bevelling, inspection, etch- 
ing and decorating 

20 ' 

15-25 

Gla&s-cutting (cjb glass), inspecting fine . 

35 1 

26-60 

GLO\"E MANUFACTURING : 

Cutting, pressing, knitting, sorting, stitch- ! 
ing, trimming and inspecting 

1 

1 

' 20 1 
i 

; 16-25 

HAT MANUFACnCURING : 

1 

1 ! 

1 

Dyeing, stiffening, braiding, cleaning, re- 
fining, forming, sizing, pouncing, flang- 
ing, finishing, ironing 

12 1 

1 10-15 

Sewing 

' 20 1 

i 16-26 

ICE MAKING 

1 

5 

4r4i 

INSFIOTING: 



Rough 

8 i 

6-10 

Medium . 

12 

10-16 

Fine 

20 

16-26 

Extra fine 

* 

35 1 

20-^ 

JEWELLERY AND WATCH MANUFAC- 


1 

TURING 

30 

20-51 
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Average foot- 
candles recom- 
mended. 

'^ango. 

LAUNDRY AND DRY CLEANING : 



Receiving and checMng 

12 

10-16 

1 Washing 

5 

4-6 

1 Drjdng room 

5 

4-6 

1 Calendering 

12 

10-16 

1 Ironing and pressing .... 

12 

10-15 

Sorting and checking .... 

12 

10-16 

Despatch ...... 

8 

6-10 

LEATHER MANUFACTURING : 



Vats 

3 

2-4 

Cleaning, tanning and stretoh&g 

5 

4-6 

Cutting, fleshing and stuflSng . 

8 

6-10 

Knishing and scarfing .... 

12 

10-16 




Light or dark ' 

12 

mmmm 

Grading, matching, cutting, scarfing, sew- 
iag: 

light 




16-25 

Dark 

35 

26-60 

MACHINE SHOPS AND FITTINGSHOPS: 



‘ Bough bench and machine work 

8 

6-10 

Medium bench and machine work, ordinary 
automatic machines, rough grinding. 



1 medium buiBng and polishing . . » 

12 


Fine bench and machine work, fine auto- * 

matic machines, medium grinding, fine 
buffing and polishing .... 

1 

20 1 

! 

15-26 i 

Extra fine bench and machine work, grind- ‘ 

ing {fine work) 

35 

25-60 

OFFICE BUILDINGS : 1 

Book-keeping and typing rooms 

. 1 

10-15 

Cashiers’ counters . . . , ' 

12 j 

10-16 

Corridors and stairways 

3 

2-4 

Drawing ofiices ..... 

35 

26-30 

Enquiry ofifices, filing rooms, reception 



rooms . . . ' . 

8 

6-10 

General offices ..... 

10 ' 1 

8-12 

Other offices 

12 1 

10-15 

f ACKING : 

Orating 

y 

5 

4-6 

Boxing 

8 1 

6-10 
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MOBBBN mmiBTmAJL UaHTXNO 



Average foot- 
camdlee recoxn* 
mended. 


PAINT IVIANUFACTURINQ . 


PAINT SHOP : 

Dipping^ spraying, firing 
Rubbing, ordinary band painting and 
finishing ...... 

Fine band painting and finishing 
Extra fine band painting and finishing 
(automobile bodies, piano cases, etc.) . 


PAPER BOX MANUFACTURING 
Storage of stock ..... 


PAPER MANUFAOTURINQ : 

Beaters, grinding ..... 
Calenderb^ ... 

Finisbing, cutting and trimming . . 


PIATING . . . 


POLISHING AND BURNISHING . . 


POWER HOUSE: 

Boilers, coal and ash handling, storage 
battery rooDas^ . . . 

Auxiliary ,equi|»iaent, oil switches and 
’ transformers, switch boards, engines, 
gpneratprs, blowerSj compreiraors . 


PKINTING INDUSTRY : 

Matrixing and easting, miscellaneous 
mibcMaeB, presses . . . . 

Prcmf reading, Utho^aphing, electrotyping 
Linotype, inonotype, type-settings impos- 
ing, stone engraving . . . , 

Racing and paclpQg . . . 


RUBBER MANUFACTURING AND 
PBODtJCSB: 

• Cbienders, oompoiindn% nfills, febrio pre-. 

: . s^pars^on, stoiok euttihg, tubtog niacdi- 
• ineSj, sola tyro (t^ratipnSi, mechanical 

piMjciniatic,- t;^;''b«2dlng' 
,, 'ai^: ‘ tu'te' op^tion,. 
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1 ®EET METAL WORKS ; 

lisceltoeous machines, ordinary bench 
wJJi’ Pr^es, shears, stamps, 

; j 

SHOE MAKnCTPACTURIKG • 

“"i 

. ■S^'^ 1^'“) • • 

Hispeoting and sorting . . " " 

' i^Sa'siopl “f 

I Songh forging . , I 

, j linefoi^ ‘ . *1 

: [wp MAifOTAcrcEnjG • T 

. eaaog, «»p cUp ^i 

PLAtFi 

00 WE^E PBODECTS: — 

ng tnts and rehearing fnrnWs 
png and casting floors . . ' 

and h^w roDiM, shearing rough by 
ige, pioJdiag and cleaning , j 

inspection ,, , ^ j 

natic mactoes rod. Mght and cold 
mg, wire drawing, shearing, fine by 

CBTJSHIlfQ AED Sn B,TBE T<n.yG i I*" 
ionveywr tubes, main line shafting 
!es, spaemg, chute rooms, inside of 
• ^ - 

» b^®” anxili^ breakers 
iooma '. ’ ’ , * j 


Average foot, 
candles recom- 
mended. 


12 

12 

35 

20 

10-15 

10-15 

26-50 

16-26 

' S ^ 

' '4-8''^ 

, 8 

6-10 

. -5 ' ■" 

4^ 

' ' 

e-lo 


2—4 

'8 

6-10 

fi 

4r6 

12 

10-15 

12 

10-16 
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MOC£BN IBDT7STBIAL UOHTINO 



Average foot- 
candles recom- 
mended. 

Kange. 

SUGAR GRADING 

20 

15-25 

SWEET MAKING . . . . ' . 

12 

10-15 

TESTING : 



Rough 

8 

6-10 

Eine 

12 

10-15 

Extra fine instruments, scales, etc. . 

35 

25-50 

TEXTILE MILLS : 

’ 


Cotton 


» 

Spinning — 

Opening, scutching, lapping and card- 


4-6 

ing 

5 

Drafting and twisting 

8 


Ring spinning .... 

8 

Wi 

Warping— light goods 

8 


„ dark goods 

12 

31 

Drawing frames .... 

20 

15u2S-; ■: 

Weaving— 

12 

10-fl5 

Looms 

Burling and mending . . , 

35 


Perching . . . . " . 

Over so 


Cloth rooms, warehouses, etc. . 

5 

m 

SUk \ 


ill ' 

Winding, thawing, dyeing . 

12 

mmm 

Quilliag, warping, weaving and finish- 
ing— light goods .... 


m 

8 


i „ dark goods .... 

12 

^Efil 

i WmUm 

Spinning— 1 

5 

■I 

Scouring, washing, etc. . 

>3 

Grading and sorting 

12 

Combing, carding, twisting . . 

,8' 


Warping— light goods . • • , 

8 


,i dark goods 

2 . 

Weaving — 

. ' ' 12 

.1 

, ■ , . .Looms ' . . 

msim 

Burling and mending . . . 

3S 

2W 

- Perching ' 

Over SO 


Ulbth rooms, warehouses, etc; ; . , 

1 ‘ ‘ , , ' ' - , ' ’ i 

- •- , „ 5, ‘ 


TOBACCO PROHUCT^ : 

'V. 


, Dr3dng,,^nfirai - 

■ ■-'•/a. 

:.iS‘ 

' /Grai^g and sorting-' " V , 

- - ' 20;; ' 

' Strippi^,- . '■ 

',‘.8 ' ;i 

:fe 
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Average foot- 
candles recom- 
xnended. 

Range. 

CfHOLSTERING : 



Automobile, coach and furniture . 

12 

10-15 

lAEEHOUSE ..... 

3 

2—4 

ELDING 

12 

10-16 

fOOD WORKING : 



Bough sa'wing and bench work 

8 

6-10 

1 Sizing, planing, rough sanding, medium 
[; machine and bench TOrk, glueing, 

! 1 veneering, ooopOTage .... 
yEine bench and machine working, fbe 
sanding and finishing 

12 

10-16 

20 

15-25 


Rumination of 30 or more foot-candles may, in some instances be pro- 
from a general Ughting system, lii other cases it mil be found more 
omical to provide a combination of general lighting plus supplementary. 





MODBKK XKPXTS'TRIAL LiaHTINQ 


COEOTCIMT OF tmLISATION 


Find room index from page 111. 

Estimate reflection factor from table on pages 76 and 77. 


[Ceiling, 


liXttEXiNO Fittings. 


Bibbct (A) 

Open Beiectors snoh as Stand- 
ard Dispersive and Reflectors 
' for, Tungsten/Mercury and 
Sodium; 


Diebct (B) 

Refl^tora with enclosed globe 
such as Badustrial Diffusing 
Fitting (Tungsten^ Tungsten/ 
Mercury Blended Tung- 
sten aiid Mercury). 


Sbmi-Dikeot 
Enclosed ; 


with major 


light flus; downward. 


Enclcp^d Diffusing flttxngs. 


Pendfmt flttin^ with major 
iighiflus: upward, \ 


IKDIBKCT ' 

' ^'Indirect Fe^cidantflttii^ 


Fairly Light 
(40%). 


COBTOCIENTS OF IlTILISATIOjr. 




A 

•24 

•27 

B 

•27 

■30 

c 

•31 

•33 

D 

•36 

•36 

E 

•39 

•40 

F 

; -42 

♦44 

A 

•26 

•29 

B 

•28 

•32 

0 

•34 

i 

D 

•37 

•42 

E 

•43 

•47 

P 

•48 

•61 

A 

•20 

•24 

B 

•23 

•27 

0 

•29 

•32 

D 

•32 

•36 

E 

•38 

•42 

P 

•43 

•40 

A 

•11 

•15 

B 

•13 

•17 

C 

•17 

•22 

D 

•20 

26 

E 

•24 

28 

P J 

•29 

■32 

■A- ' 

•08 

•10 

B V 

•10 

, , ^12 

C 

•13 

^ '26' 

B 

•IB 

•18 

';■! ' 


' ''-21' 

r.; 

-'•22/;" 

•24 


































mo 
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MODBRK INDtrSTElA-Ii LIOHTIITO 


FUSE WIRES 


Current in amperea at which wire will fuse 
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iPPBOXIMATE CURRENT RATING OP PTNP t totto 
OFIIMED WIM OR STAlsS 

STANDARD CUT-OUTS BRITISH 


Current 
, fating. 

i' ‘ 1. 

Tinned Copper Wire. j 

Diameter (in.). 
2. 

S.W.G. 

3. 

! imps. 



::i 1-8 


! 

i 7 3-0 

0-006 

1 38 

1 S-0 

0-0084 

35 

1 8-5 

0-0124 

30 

;io-o 

0-0136 

29 ! 

: lo-O 

0-020 

25 

:U7 

0-022 

24 

a? 

0-024 

23 

(U 

0-028 

22 

30 

0-032 

21 

37 

0-040 

19 

f46 

0-048 

18 

53 

0-048 

18 

80 

0-056 

17 

64 

0-056 

17 

83 

1 

0-072 i 

15 

100 

0-080 

i 

14 


Standard Alloy* Wire. 


Diameter (in.). 
4. 


S.W.G. 


0 . 


0-0164 

0-024 

0-032 


27 

23 

21 


ITdl^The cuirent ratings given in this table refer to the normal maxi- 
current of the circuit and do not refer to the overload at which the 
rat will operate. 

'he values of the events given in above table are approximately those 
!®^ to ^comply with British Standard Specification No. 88. mere 
BTB Known to coxiforin to this Spocificdrtion the stetod bv th6 
“TOot^er (m the ^se of the cut-out should be adhered to in preference 
at given above, if the cut-out is loaded to its fullest capacity. 

iThe: term ‘Standard aUoy’ refers to the tin-lead aUoy (63 per cent, tin 
»s«’.iCent.,l^)8peeifiedinB.S.S. No. 88. ‘ ’ 
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MODEBS ISDTJSTMAL LIGKIKG 

JIAI15TENAN0E Of fLEORESCEOT TUBES 

1. FrmiheBelM'oiouroftheTtibe 


1 Tube has run fuB Ufe. 

2*. faulty or 

smtcbtendingtosmtcb 

Standoff. E^axnuia. 

tion of the switch m 
such cases usually dis- 
closes that »«, 
glow persists when the 
tube is operating, 
or 

^ 3. Faulty tube. 

AToite.— Low line voltage, 
low ambient temperature, 
or cold draughts may be 

contributing factors. 


1. Replace tube. . 

2. Replace starting I 
s-witch. 


3. Replace tube. 


Tube has the 

appearance of the 

' whole UgBt 
column movug, 

1 usually in ^ the 

I form of a spiral. 

[ lug down of .lihe 

moker ^ 


r 5 , Tube has probablif^^ 


Switching the t| 
off and re-startmg M 
a few seconds is o| 

i cure. If the ei 
continues for a i 
period replace tiie 

■ pieplacetube,' 


‘l^piace; sMt^.*.; 

temporal tfcasajn 
i ^tWwthe swit 

tap,. widoL ® 
contacts to p|^. 




, : , , If earth M noUet 

able oh^the w^, 

i place ®nppti 

Ittnit, 
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Symptom. 

Possible Cause. j Bemedy, 

IVhen the tube 
switched on 
Bfching lights up 
iall. 

j 

1. Broken tube filament. 

2. Starting or switch fail- 
ing to close, 

or 

3. Break in some part of 
the circuit. 

1. Can be detected by 
careful examination 
and if discovered tube 
must be replaced. 

2. Replace switch. If 
new switch also fails 
to close, examine the 
circuit with a test 
lamp for a break at 
any part. 

3. Examine circuit with 
test lamp and repair 
any break. 

i 2. From ihe Performance of the Starlhig Switch 

CSSBIIIIIIi 

Possible Cause. 

Bemedy. j 

} 

ISwitoh ooh- 
lots look in the 
psed position. 

May be due to the short- 
ing of the resistance in the 
radio suppressor unit. 

Beplace the sup- j 
pressor. j 

I Glow persists 
rhile lamp is 
turning. 

Low extinction voltage. 

'Replace starting 
switch. If glow per- 
sists with new switch, 
fault is probably in the 
tube, which should be 
replaced. 

Switch elec- 
;odes loose in 
db. 

This may be caused by 
an earth in the switch lead. 

Check wiring and put 
in new switch. 

|Too rapid 
Deration of 
irting switch, 
iiil result 

1 the lamp; 
!h>oldhg on and 
f:;a8''‘,tiie' 'fila- 
s»ite'.';,lMave; no, 
W;!h»iheati^..' 

Faulty switch. 

' 

Beplacte switch. 

. . !' 


>1]^ Ittjd as a smgle aw termed radio 














MOI;rBS TNOf^TOUL 

’ .Kn WHOIENOy OF iSOAITOMOEKT LAMPS 

BATUJG AJtD ECT Pearl and Clear J 

ilEatm^o^ Standard Incandescentl^ ^ 


Bulb Biraensious 


Pearl 
Pearl 1 
I Pearl 
i pearl 
, Pearl 
Peail 
Pearl 
Clear 
Clear 
Clear 
Clear 
Clear 
1 Clear 


Length. ' 
intn. 

y2'5±3 5 
loo-oiJi i 

U0*0i3-o 

117-6±i3*o 
123 -0^3 -5 
I37*5d;3‘0 
I 160-0±4'5 

X78-0±5*5 
1 233*0 i;7 
I 267 ‘Oi 3 
t 300 -OiO 

300 -OiO 

333‘Oi^ 


.ensio^ Snue 
1 Diameter, 1 Length, 
mm. 1 


Pearl and Clear Lamps ^ 

Nowinsi liumeus 

130v. 200— 2S0v. 


SSa: 1- ! 

60±1 
60±1 
05±1 
lOil i 
753:1 
80±1 
1 90±1 , 

1 110±l-5 
ISOi^S 
1 1503=1 S 
150±1-^ 
170±1-3 


66i3 
70±3 
80±3 
85i3 
90±3 
100±3 I 
120±4 
133 ±S 

n8±6 
202 x'J 

225±8 
1 226±8 
250i8 


B.C. I 

B.O. 

B.O 

B.C. 

B.O. I 

B.C. 

B.C. 

E.S. 

a.E.s. 

G.E.S 

G.E.S. 

G.E.S. 

G.E.S. 


' “t ’Coiled-coU Eamps- 

voltage Lamp"- 

mn.n...andnat^^^ 


"1 1 

— 7 ~ ^ i 1 Specified! 

i Overall 1 Diameter ^ ^ Average BiglM 

^ ' js&‘, I ‘ oa„, 3 | 

IfX II 

SS M 4 i 5 I 

Meicory i Tubular 1 - x UninBC, l.SOO 3.04 

ElnoMScent i 178^.6-6 1 110±1’® 3pmB. 

Mercury Bear x ^ . r E 8 l.SOO S,0( 

^ res" P- 1 1 ..»o 

Elttotesoeut Uagiis 115-^3 

Mercury ! Tubular u.»ox rES 1,600 6,3l 

1 1 U±.. “■ ■ ■ „ 

I Mercury 1 ! , U „in B 0 1.600 

Pear | 160±4'6 I 80±1 U? • 1 

' 1.M? .. 

1 ^ 


1,600 16i2< 

1,500 I 14, 8( 

1,600 1 6,3< 

1,600 i 13.S« 


Pear j 180±4.6 80±l UpinB.O. 1.600 

Uti rir' iS 


260 I 2 O 60±2 

1 1 810±80 1 SOi? 

4M±80 SOiS 

gs ssj«i« 1 «±‘ 


2^ !-®S 

2.600 3.W 

2.600 ,6,M 

8,800 10.« 


RATaNG, PERFOBMANCE, AND DIMENSIONS OF ELECTRIC DISCHARGE LAMPS 


APPBNDICTS 


Plj aGQSQ eCQCQQQCQsd 

WShW W UW w H w H c3 d y c5 
weoOOsododddpqddw 
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MODBBN IKDXrSTSTAL UGHTETO 
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lee has been made for Normal British Summer Time and for the usual Bank Holidays. 
• L^ts are assumed to be switched oft one hour after sunrise. 
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ELECTRICITY 

AND Notes indicating Appeoximatb Lamp Sizes in Appbopbiatd Fittings 

NECESSARY AT VAEIODS MODNTINO HEIGHTS AND SPACINGS 

I Reprinted prom Appendix 2 op the Lighting Committee’s Bepobt 
I'ablb 1. — ^Illtohiation of appeoximatbly 6 poot-Oabdlbs at a 

’ HEIGHT OP 3 BEET ABOVE THE IlOOE (i.e., BENCH LeVEE) 

Using Tmgsien FUament Lamps 


and Size 
|of Lam|>. 

Watts, , 


Standard Dispersive Reflectors. 

Concentrating Reflectors. 

Mounting Height. 


Mounting Height. 

Maximum 




Distance 



Distance 


‘ 


between 



between 

Above 

Above 

Adjacent 


Above 

Adjacent 

Bench. 

Floor. 

Reflectors. 


Floor. 

Reflectors. 

Ft. In. 

Ft. 

In. 

Ft. 

In, 

Ft. In. 

Ft. In. 

Ft. In. 

6 6 

9 

6 

9 

6 



•MW. 

S 0 

11 

0 

12 

0 


— 


10 0 

13 

0 

14 

6 



[ ..W. 

12 0 

15 

0 

n 

0 

17 0 


j 17 0 

17 0 

20 

0 

25 

0 

24 0 


24 0 

22 0 

25 

0 

32 

0 

30 0 

33 0 

30 0 

24 0 

27 

0 

36 

0 

36 0 

39 0 

1 36 0 

30 0 

as 

0 

45 

0 

45 0 

4$ 0 

43 0 


> Coiled -Coil 

0 Tungsten 
^0 Tungsten 
m Tungsten 
pO Tungsten 
iOOO Tungsten 
,;&00 Tungsten 


I;; Using Gaseous Discharge Lamps 


>1. ’ Mi h .. . 

V ' '' 

and Size of Lamp. 

Watts. 

Industrial Reflectors. 
Mountaig Height. 

Maximum Distance 
between Adjacent 
B©fl«^tors. 

Above Bench. 

Above Floor. 

p — — - 

m Tungsten Mercury 
iO Tungsten Mercury 
|80 Mercury . 

P5 Mercury , 

;t50 Mercury . * 

|00 Mercury . 

|45 Sodium * 

fOOSodium 

iS5 Sodium 

|40 Sodium • • 

Ft. In. 

14 0 

20 0 

10 0 

12 0 

17 0 

24 0 

9 0 

n 0 

14 0 

15 0 

Ft. In. 

17 0 

23 0 

13 0 

15 0 

20 0 

27 0 

12 0 

14 0 

17 0 

21 0 

Ft. In. 

21 0 

30 0 

14 6 

18 0^' > ( 

26 0 

36 0 

13 0 

. 16 0 

21 0 

27 ' '0,; 
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HOJDSIBN INBrSTRIAL LIGHTING 


Table 2. — Illumesatiok oe ajppboxxmatbly 2 rooT-CANDLESs at i 
HEIGHT OF 3 FEET ABOVE THE FLOOB (i.e., BENCH LeVBL). I 

XJsmg Tungsten Fdament 1 

I 

Standard Dispersive Reflei tois. 

Concentrating Befleotor | 

Type and fcJizo jf 
Lamp. 

* Watt-. 

Mountmg ^ Maximum 
Height. Distaaice be- 

ttreen Adjacent 
Above Flooi*. ' Kefleetors. 

Mounting 

Height. 

Above Floor. 

Maximu' 
Distance 2 
tween Adja 
Befleotor 

\ ■ ■■■' ' 

Ft. In. 1 Ft. In. 

Ft. In. 

Ft, In, 

8i»0 Ttmgston 

— 

1 

31 0 

31 0 

’ 500 Tungsten 

30 0 

, 42 0 

40 0 

40 0 

1 750 Tungsten 

35 0 

} 52 0 

47 0 

47 0 

! ijUOO Tungsten 

40 0 

60 0 

53 0 

53 Oi 

j 1,500 Tungsten 

47 0 

70 0 

68 0 

08 0 

a 

Using Gascons Dischcnge Lami>s « 

1 

Industrial Beflettoisj, 

Concentrating Bedeetors.J 

j Tj-pe and Size of 





; Lamp. 

Mounting Maximum 

Mountmg 

Maximum 

i 

Height. 

Distance he- 

Height. 

Distance be 

» Watts. 


.iween Adjacent 


tween Adjacc 

{ 

Above Floor, j Beflectors. 

Above Floor. 

Befiectors. 


Ft. In. I Ft. In. 

Ft. In. 

Ft. In. 

300 Tungsten Her- 





, cury 

«— 


35 6 

35 6 

1 500 Tungsten Mer- 





cury 

34 0 

, 50 0 

45 0 

45 0 

125 Meroiuy 



31 0 

31 0 

250 Mercury 

30 0 

42 0 

— 

— 

400 Mercury 

40 0 

60 0 


— 

85 Sodium 

30 0 

35 0 




140 Sodium 

30 0 

15 0 

» 



Table 3- — Illumination 

OF AFBROXIMATBLY 0-5 FoOT-CaNDLBS IM 


COBBIDOBS AND STAIRCASES. 

1 

Size uf Lamp. 


Masdmum 1 



Height above Floor. Distance between H 

Watts. 



BeHootors. ■ 



Ft. la. 

1 Ft. In. 1 

40 

* « 

10 0 

' 20 0 ■ 

60 

• * 

15 0 

30 0 ■ 

7S 


17 0 

34 0 ■ 

100 . 

• 

20 0 

1 40 0 ■ 

For stairways, lighting points will usually be on each landing and hi 
landii^. ■ 
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B^otbs.— tables^ hwot been prepared primiarily to assist m cJieehwg 
wngif lighting i^tallations^ Other factors wre involved in problems of design 
installation or improvements should only be carried out in conjunction 
■eojjper# advice. 

Hp using the tables it should be noted that : 

I (i) The use of ejBfioient modem types of reflectors and lamps made 
If comply with British Standard Specification is assumed. 

other types of equipment allowances must be made for the 
t different performances obtained. If the reflectors are shallow 

and unsuitable or dirty or the lamps aged, considerably lower 
F intensities will result. 

(ii) The mounting heights are minima for the spacings given. They 

may be somewhat exceeded, keeping the spacing the same, 
without materially affecting the fliumination on the working 
plane. In cases of doubt measurement should be made with 
a light-meter. 

(iii) Comparisons between tungsten filament and gaseous discharge 

lighting should include relative costs and life of equipment 
' and considerations of colour perception. 

(iv) Working conditions are usually improved if some light is cast 

upon light ceilings and upper parts of walls. 


CoKVBESioK Tables 


kmination 


1 Foot-candle 
1 Lux “ 


^htness 

1 Candle per sq. in. 


10 -76 Lux 
0*093 Foot-€5andle. 


452 4 equivalent foot-candles (foot-lamberts). 
0*4869 lamberts == 486*9 milli-lamberts. 


^proximate Metric Equivalents 


' , I 

To Convert j 

I 


mches — ^Millimetres * 
pet — ^Metres 
fards — ^Metres 
iffles — ^Kilometres 
Sq, ins.— Sq. cifls. 

^q. ft.— *Sq. metres 
(3u. ins. — Cu, oms. i 

ft, — Cu. metres 
boean tons — Gu, metres 
Pounds (av,) — Kilogrammes 
Coiie (ay.)— -Tonnes 

^bSc'/in.*— :^/om.»; _ 

lons/ih; *“iB^./mm. * 
3idls./iiainr-r^ 


Britisb to Metric. 
Multiply by 

Metric to British. 
Multiply by 

25«) 

0-0394 

0-3048 

3-2808 

0-9144 

1-0936 

1-6093 

0-6214 

6-4516 

0-1550 

0-0929 

! 10-7639 

16-387 

I 0-0610 

0-0283 

35-3148 

1132 

0-8834 

0-4636 

2-2046 

1-0160 

0-9842 

4-6469 

■ 0 -2199 . 

0-0703 

14-2330 

, 1-6749 

;0-6849 

0-2728 

3-6662 

1-8990 ; 

0 68^ V 
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MODBBN INDTrSTKlAL LiaHTIlIQ 


32) X I 


Jmperature ® C. = (Temp. ® F 
Temperature 'P. « (Temp.ofi* 


Temperature rise ° F. = I Temnoraw 2! 


nse 


Temperature rise * C.' 



weighs *v 

■hT’ =i“'*^B-Th.tJ. = 29-34iWh 

Torque in lb. ft — ^ 

K.P.M. ~ 
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Depaitmental Committee on Lighting: 

Extracts from Fomth Keport of, 
81-82 

Exti’acts from Fifth Report of, 82-84 

Report of, 53 

Depreciation factor. Definition of, 101 
Design of lighting installation, 53-74 
Diffused lighting, 55 
Diffuser refieotors, Mounting and spac- 
ing data, 64-65 
Difcsing glass globes, 55 
Diffusion and refiection, Definitions of, 
102 

Dimensions and ratings of electric dis- 
charge lamps, 116-117 
Direct lighting — small-area units, 54 
Dispersive reflectors, Mounting and 
spacing data, 58-59 
Distributing units, 54-55 


E 

Edison, Thomas, 31 
Efhciencies of light sources, 32 
Electrical energy wasted, 37 
Electric discharge lamps : 

Dimensions and ratings of, 116-117 
Explanation of fimction, 34 
Limiting current flowing in, 36 
Electric litap : 

First patent granted, 31 
Historical importance, 31 
Manufacturers Association of Great 
Britain, 70 

Method of calculating mounting 
height and pacing, 70-72 
Purpose of, 31 
Environment, 25 
Exemption, Certificates of, 86-87 
Explosive works, Certificate of Ex- 
emption for, 87-88 
Ey^ : , . 

Adaptability, 14, 27 , 

Adjustment to contraatihg iUumina- 
tion, 21 

-Causes of' fatigue, 26 
Controlled f^roduction test^ 27 : ! 
Dangers pf oohtrast in illumination, 

. 21 ■; ■ \ ^ ^ ' 

Decreased ability 27; 


Development of, 12 
Effect of lighting on, 25 
Focusing power, 27 
Mental influence, 13, 24-25 
Position during periods of rest 
Process of perception, 12 
Strain, 23 


F 


Factories Act, 1937, Section 5, 81 
Factories (Standards of Lighting) ' j 
ulations, 1941, 85-87 
Factory Installation, A typical \ 
ample, 90-95 

Factory Lighting Code, 90 
Faraday, Michael, 31 
Fatigue, Causes of, 26-26 
Field of vision, 20, 21 
Filaments : 33 
Coiled and coiled-ooil, 33-34 
Tantalum metal, 32 
Tungsten, 32 

Fluorescence, Explanation of, 37 
Fluorescent analine substances, 37; 
Fluorescent lighting ; 

Constituents of, 39 
Polyphase system, 43 
Single phase system, 43 
Split phase system, 43 
Types of systems, 43 ? 

Fluorescent materials, Use of, 38 ^ 
Fluorescent tubular I^pa : 28, U 
Auxiliary equipment, 40 
Characteristics of, 38 
Colours of, 39 

Detecting and correcting faults ihl 
Influence of ambient temperatrJ 
41-42 

Life of, 44-45 

Mamtenauc© of, 80, 114-1 15 
Operating detailsE, 38-41 
Reason^ for dimenaions, 39 
Schedule of symptoms, causes 
remedies, 114-115 
Starter switch and its 

, ' -V _ 

, Sti'oboscopie efibot and its remd 

., 43 - 44 ’;;'- 

Thermal glow switch, 40 



mL ibf ft# 


-candle : 
jfinition of, 101 
J^umination required, 53-64 
'^tensities for industrial interiors, 
arranged alphabetically, 103-109 
*perating values recommended, 103- 
109 

^tutory requirements, 85-80 
alues, 28 

h wires, Table showing fusing cur- 
* rent in amperes, 1 12 

I. 

G 

--filled lamps, 32-33 
serai diffused lighting, 55 
.oral illumination, Statutory regu- 
lations, 86 
re f 16—22, 27 
irightnesa at source, 19 
Jy reflection, 21 
Comparative standards, 17 
Contrast with background, 20 
I^aylight, 30 
lefioition of, 16 
pye eaqpos^ to, 16 
Tactors affecting, 19 
light sources classified for, 18-19 
Objections tq, 16 
i^ality and quantity, 16 
Statutory regulations, 86 
Supplementary light sources, 19 
system of rating, 17 
bime of exposure, 21 
^"'otal volume of light, 19 
^.Vrong position in field of view, 20 


' H 

»urs employed, Statutorj’’ regula- 
tions, 86 

tuts of lighting in a year, U8 


qmilieitog eniihqer,-4^s^pf^^ „ “ 


Incandescentlamps ; 

Bating and efficiency of, 116 
Their spectra, 13 
Indirect lighting, 55-56 
Industrial requirements, Survey of, 120 
Operations arranged alphabetically, 
45-53 

Inspection process, 90-98 
Installation ; 

Angle elliptical reflectors, Moimting 
data, 62-64 

Choosing the lighting imit, 54-56 
Concentrating reflector, Mounting 
and spacing data, 60-Cl 
Concentrating units, 54-55 
Cut-off angle, 55 
Designing, 53-74 

Diffuser reflectors. Mounting and 
spacing data, 64-65 
Diffusing glass globes, 55 
Distributing reflectors, Mounting 
and spacing data, 69 
Distributing units, 54—55 
Durability of, 8 

Foot-candle ilhimination required, 
63-54 

Fundamentals, 53 
General diffused lighting, 55 
Indirect lighting, 55-56 
Inspection department, 97 
Lamp size, Calculation reqxiired to 
find, 72 

Local lighting, 64r-56 
Local lighting reflectors. Mounting 
and spacing data, 65, 67 
Loss of initial eMoiency, 54 
Machine shop, 94-95 
Method of planning, 1 1 
Mounting and spacing data, 58-72 
Parabolic angle reflectors, Mounting 
and spacing data, 67-69 
Pifess shop, 93 
Badio factory* 90-98 
B.L.M. dispersive reflector, Mount- 
ing and spacing data, 58-59 
Semi-direct unitSi, 5§ 

Sheet metal shop, 95 
Tool designing department, 91 
Tool making departnjfeht, 91 ' 

Typical example of planning, 72-74 
Vertical elliptical reficotbrs, Bp^ 

" data, 6Ir-62 
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Interior surfaces, 20 
Interior surfaces. Dirty, 22 
Interior surfaces and morale, 22 


IKD BX 

I Lumen, Definition of, 101 
Lux, Definition of, 101 


Lamp size, Calculation required to 
find, 72 
Lamps : 

Dead, and empty sockets, 77 
Electric discharge, 34 
Electric discharge. Limiting current 
flowing in, 36 
Filaments of, 33 
Fluorescent tubular, 36-46 
Gas-filled, 32, 33 
Life of, 33 

Mercury discharge, 33, 35 
Poor quality, 77 

Sodium discharge, 33, 36 | 

Langmuir, Dr. Irving, 32 
Life of lamps, 33 i 

Light : 

Automatic control of, 31 
Definition of, 101 
Effect on worker, 26 
From the sun, analysed, 37 
Measuring quantity of, 28-20 
Psyehological effect of, 20 
Purpose of, 12-16 
Betards fatigue, 26 
Sources of, 30-36 
Total volume of, 19 
Light and safety, Belation between, 23 
Light sources : 

Classifiied for glare, 19 
Distance from bye, 20 
EMciencies of, 32 
Giijrad^ of, IS 
SuppIemeatakTy, 19 
Light^ engineers. Facts for, 7-11 
Lighting unit. Selecting, 64-66 
„.^ghi;meter, JJm of, 2S-29 ' 

Ldcal Lifting, ^64,. 66 
Dangers of without geheral light- 
;^ihg,,20:' , ’ ' \ \ 

' ^Befleel^m,' aactetnil iypb,: ^6, -66 ' ; ' 

BeSefetbrSf’intej^ 66; 67 ' ' " 

^ 'StatulN»iy;rs^to 
Louv^^'lO, ‘ 


Machine shop, 94 
Machines, painted, 22 
Maintenance, 74-80 
Comparison between soiled i 
clean reflectors, 76 
Dead lamps and empty sockets, 
Fluorescent tubes, 80, 114-116 
Necessity of proper reflector, 79 
Old lamps, Loss caused by, 77-' 
Planned periodic attention, 79 
Poor quality lamps, 77 
Soiled lamps and reflectors, 74, ' ' 
Soiled walls, Loss of reflecting pc 
caused by, 76-77 
Under- voltage burning, 79 
Mechanical causes of glare, 24 
Mental impressions, 24-26 f 

Mercury discharge lamps, 

of function, 36 it 

Metric equivalents. Table indicat;, i 
121 

Minimum recommended standards; 

general lighting, Sl-86 , ' • 

Moleyns, Frederick de, 21 i 

Monochromatic light, 14 
Morale, Improved, 23 ^ 

Mounting height and spacing, d^ 
66-72 . /i\ 

Method of calculating, 7<^72 ^ * 

Tables indicating, n9-3;20 ^ 


Natural light, 30-31, 37 


0^^;lam|>s, 77-7$! ">44] 
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P 


nt, Light-reflecting, 22 
-rabolic angle reflectors, Mounting 


and spacing data, 67-69 


hlumination of, 30-31 

^able of mounting heights and 

j spacing, 120 

rsonal causes of accidents, 24 

foto-electric relay, 31 

finning a lighting installation, 63-74 

►lyphaSe system, 43 

esses. Illumination of, 93-04 

oduction, Increased, 23 

eduction process, 90-98 

oduction test, 27 

Irpose of lighting, 12-16 


' B 

Iting tod ©ffieiency of incandescent 

f lamps, 116 

^ting schedule, 9 

^fleeted light, Jtfl 

fcflectibn factors,, 72 

jifleetfve powers of different surfaces, 

' . 76-77 ' , ' 

^flection of daylight, 30 
^fleeter types, Indeisc of, 67 
liieotors : 

Mounting and spacing data, 66-72 
Value of, 79 

^uirements of factory executive, 7 
x>in index. Table for flnding, 71, 111 
ayal Society for the Prevention of 
Accidents, The, 24 


S 

tfety, 22,'23 | 

Ifety engineering, 24 
ifety officer, 24 

□ * -direct units, 66 

ow avoidance, Statutory regula- 
'tions,'S6^^ 

ladows, Confmion caused ^y, 28 
ieet metal 0 hb|>, 96 - 1 

hgle’ph^syiitem ' ^ / ;i' 


Sodium discharge lamps. Explanation 
of function, 33, 36 
Soiled lamps and reflectors, 74-76 
Soiled walls. Loss of reflective power 
caused by, 76-77 
Sources of light, 30-36 
Spacing and mounting heights, Table 
indicating, 119-120 
Spectra : 

Continuous, 13 
Discontinuous, 14 

Standards of illumination, Eecom* 
mended, 29 

Starter switch for fluorescent tubes, 40 
Statutory regulations ; 81-90 
Certifleate of exemption, 86 
Chemical works, Certifleate of ex- 
emption for, 87-88 
Cttt-ofl' prescribed, 86 
Factories (Standards of Lighting) 
Begulations, 1941, 85-87 
Factories to which Factories (Stand* 
ards of Lighting) Regulations, 
1941, do not apply, 87 
Foot-candles required, 86-86 
General iUumination, 86 
Glare, 86 

Homs employed, $6 

Letter sent to employers, 88-89 

Local lighting, 86 

Reflection from light-coloured sur- 
roundings, 89 

Scope of the Regulations, 88 
Shadow avoidance, 86 
Standards of suitability, 89 
Sufficiency of iUumination, 88-89 
Statutory Rules and Orders, 1941, 
No. 94, 24, 86-87 

Stroboscopic effect and remedy, 42-44 
Suitability of lightmg, 90 
Supervision simplifled, 23 
Supplementary lighting, see Local 
lighting 

Swan, Sir Joseph, 31 


Temperature conv©rsioh,Jl22;‘;',,‘< 

Thermal glow swit^hi 40, , ■ 'j - ‘ ‘ ' , ' 
TcHili4^ignm#ii#a^^ , 
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Tool-making department, 91 
Transformers, 38 
Tungsten filaments, 32 


U 

Under-voltage, Loss caused by, 79 
Units and terms, Definitions of, 100- 
102 


V 

Vertical elliptical reflectors, Spaeiog 
data, 61-62 


i Vertical smfaces, Lightii^ of, 63-6 
Visibility 

Factors determining, 26 
Meter, 29 

Visual tasks. Of extreme accuracy, 
92 

Voltage, Variation in line, 41 


White surfaces. Advantages of, 16 \ | 
J^Findows: 30 I 

^ Aclveaitages of large, 16 J 

■^(Sfenaiaship, Greater accuracy, 23 J 






